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Resistance Produced by 
Watson Rubber Flow 


(THE NEW PLASTIC MEDIUM) 


Is Utterly Smooth 
Is Utterly Silent 
Is Utterly Unchanging 





Can the above be said of any other 
resistance medium known to the world 
today? And what more could one 
desire of a resistance medium than 
Utterly Smooth, Utterly Silent, Utterly 
Unchanging! Incorporate such a me- | 
dium as Rubber Flow in a resistance 
mechanism which is engineered to give 
you the proper amounts of resist- 
ance, and you are armed with the 


best device of the kind to be had. 
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A mere touch 


to statt the engine 


T’S a long step from the old time 

method of cranking a car by hand 
to the present day when starting a car 
is easy as ringing an electric door bell. 

And the most difficult problems in 
perfecting automatic starting mechan- 
isms were solved by the Bendix Drive 
—a device so simple, strong and de- 
pendable that it is thought of only in 
terms of its uniform performance. 

The Bendix Drive is “The Me- 
chanical Hand that Cranks Your 
Car.” It takes hold automatically — 
cranks your engine—lets go when 
the engine starts, and automatically 
protects the starter from 


A light pressure 
to stop the car 


O stop a car equipped with Bendix 
Brakes is not a feat of strength —it 
can be gauged to a nicety with very 
little pedal pressure and where neces- 
sary astopcan be made that is quick, but 
not sudden—smooth, without shock. 
Bendix Brakes have a maximum 
braking surface —and the momentum 
of the car is utilized to increase the 
pressure mechanically. With little 
effort a light step on the pedal becomes 
a powerful stopping grip. 
Adjustments are long-lasting—once 
equalized the brakes remain true and 
dependable for long periods. 


, " os Bendix Brakes, being en- 
damage in unintended —————— closed, are unaffected by 


operation. Bendix Automotive weather conditions. A dem- 

The Bendix Drive—on and Aviation Products onstration will show at 
most cars—miakes starting pendix Brakes, Bendix Drive, | Once whata joy it is to drive 
quick, sure and safe. Eclipse Aircraft Starters and Gen- a car so easily controlled. 


erators, Stromberg Carburetors, 
Scintilla Magnetos, Delco Aircraft 
ECLIPSE MACHINE co. Ignition, Pioneer Instruments, BENDIX BRAKE ee. 
Elmira, N.Y. + Walkerville, Ont. Bendix - Cowdrey Brake Testers South Bend, Indiana 
and other equipment. a 2a 
(Division of 


Bendix Aviation Corporation) 


( Division of 
Bendix Aviation Corporation ) 
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Transportation Meeting Plans 


Sessions on Nov. 12 to 15 to Include Design and Operation Topics— 
Two Joint Meetings with Railroad Men 


LTHOUGH the dates of the Trans- 
portation Meeting of the Society, 
Nov. 12 to 15 inclusive, in Toronto, 
are still more than a month away, the 
plans for the meeting have progressed 
sufficiently to assure a program of 
most interesting and instructive pa- 
pers. All of the sessions will be held 
during the mornings and afternoons of 
the four days, with the evenings 
available to become better acquainted 
with one of Canada’s queen cities. 

The meeting will be held at the 
same time as the general meeting of 
the Motor Transport Division of the 
American Railway Association, and 
the sessions of the American Railway 
Association and the Society on Wed- 
nesday, Nov. 13, are to be held jointly. 
These sessions are similar to those 
that have been held heretofore by the 
Motor Transport Division of the 
A.R.A. to which the automotive frater- 
nity was invited, except that definite 
topics have been assigned as the sub- 
jects of papers to be presented by in- 
vited speakers. At such meetings held 
previously by the A.R.A., no definite 
papers were presented, the sessions 
being devoted entirely to impromptu 
discussion of subjects suggested by the 
chairman or from the floor. 


Subject for Designers and Operators 


The Society’s Transportation Com- 
mittee and its Technical Program Com- 
mittee, in preparing plans for the 
Transportation Meeting, have endeav- 
ored particularly to select subjects 
that will be of interest to the design- 
ing engineers as well as to the op- 
erating and maintenance engineers. A 
very definite relationship exists be- 
tween the two groups, and modern 
transportation engineering requires 
that each understand motor-vehicle 
problems from the other’s point of 
view. By arranging the program for 
the meeting on this basis, an unusual 
opportunity is afforded these groups 
in the automotive industry to come to- 
gether to become better acquainted 


with each other’s views and _ require- 
ments and to discuss them. 





S.A.E. sessions on Tuesday, Nov. 12, 
will deal in the forenoon with motor- 
coach design and operation, and in the 
afternoon with motorcoach and motor- 
truck bodies. Much useful information 
is expected to be presented concerning 
the newer developments in body design, 
including metal construction. 

The joint A.R.4.-S.A.E. sessions on 
Wednesday, Nov. 13, will relate to the 
selection of types of vehicles for vari- 
ous kinds of service, with special refer- 
ence to six-wheel trucks and trailers; 
fundamental factors governing the de- 
termination by operators as to whether 
they should operate their own haulage 
equipment; and the result of careful 
analysis of the application of motor- 
vehicles to the movement of tonnage. 
The program being arranged is of 
equal importance to the motor-vehicle 
engineers and the railroads. 

The sessions on Thursday, Nov. 14, 
will be devoted to the discussion of en- 
gines, governors and brake equipment, 
especially from the point of view of 





NEw RoyaAL YorK HOTEL, TORONTO, 


WHERE. TRANSPORTATION MEETING WILL 


Be HELD Nov. 12 To 15 
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vehicle operators. These sessions will 
unquestionably be valuable to the de- 
signing engineer, as they will bring out 
factors that may cause the vehicle op- 
erators trouble if they are not under- 
stood by the designing engineer at the 
time he lays out his design. 


Standardization and Inspection Methods} 


Although the last sessions of the! 
Transportation Meeting will be held: 
on Friday, Nov. 15, they promise to} 
be among the most interesting and} 
useful to the transportation frater-' 
nity. Standardization, as relating to 
the maintenance of motor - vehicle 
fleets, and the proper development of 
inspection methods in the maintenance 
of motor-vehicles have become of ma- 
jor importance to transportation engi- 
neers. As the rapid development of 
the organized motor-vehicle transport 
business during the last few years 
makes it necessary that the engineering 
and service departments of the motor- 
vehicle manufacturers take greater 
advantage of these interdepartmental 
relations than they have done hereto- 
fore, this phase of transportation en- 
gineering will be thoroughly presented. 
The Society has been honored by the 
consent of Albert Kahn to present a 
paper dealing with the design, con- 
struction and equipment of garages 
and servicing shops. This is a vital 
subject with all major fleet operators, 
and a great deal of interest is taken 
in it at this time. 

All the sessions will be held in Tor- 
onto at the Royal York Hotel, which 
has just been completed and provides 
ample, uptodate accommodations. 

Arrangements for the meeting have 
been made through B. A. Neale, man- 
ager of the hotel, who will be remem- 
bered by those who attended the Sum- 
mer Meeting last year at Quebec, to 
make sure that members of the So- 
ciety attending the Transportation 
Meeting will be well taken care of with 
regard to room reservations. Members 
expecting to be in Toronto are recom- 
mended to communicate directly with 
Mr. Neale as soon--as--possible. 
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MEETINGS CALENDAR 


1929 OCTOBER 1929 
SUN. [MON. [TUES WED. [THUR] FRI. [ SAT. 


PRODUC TION) MEETING Por 
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National Meetings 





Transportation—Nov. 12 to 15 | Annual—Jan. 20 to 24, 1930 
The Royal York, Toronto, Canada | Book-Cadillac Hotel, Detroit 


St. Louis , ic—Feb. 
Annual Dinner—Jan. 9, 1930 ouis Aeronautic—Feb., 1930 


Los Angeles Aeronautic—Nov. 12 and 13 | 
Hotel Pennsylvania, New York City 


Detroit Aeronautic—April, 1930 


Section Meetings 


Buffalo Section—Oct. 1 Northern California Section—Oct. 10 
Engineers Club, San Francisco. 


Airplane Wiring Behavior in Flight, illustrated with 


Statler Hotel 
All-Metal Airplane Construction—C. W. Hall, Hall- 













Aluminum Aircraft Corp. motion pictures—Dr. John E. Younger, University 
Canadian Section—Oct. 30 of California. 
Chicago Section—Oct. 8 Northwest Section—-Oct. 12 

ic N a . - . : . 
Aircraft Production—Ralph S. Damon, Factory Super- Aviation _—e web rie —. : 

intendent, Curtiss-Robertson Airplane Co. __ Pennsylvania Section—Oct. 

Cleveland Secti Oct. 4 Luncheon, Elizabeth, N. J. A trip through the Bayway 
eveland Section—Oct. 


plant of the Standard Oil Co. near Elizabeth, fol- 


In connection with the National Production Meeting of lowed by dinner and entertainment and a technica! 


the Society 




























session 
Section—Oct. 7 ae 0 : ; 
D rE wae —_— , Laboratory Testing of Lubricants under Summer and 
ayton Engineers Clu “CE came 
Liquid Cooling of Internal Combustion Engines—G. W. Winter Conditions Dr. A. E. Becker and W. C. 
Frank, Materiel Division, Army Air Corps, Wright Bower, Standard Oil Co. of N. J. Development 
Field Pi 
Detroit Section—Oct. 7 Gum in Gasoline—E. B. Humm and A. J. Blanchard, 
Book-Cadillac—Grand Ball Room Standard Oil Co. of N. J. Development Corp 
Some Recent Changes in Our Attitude Toward the | Practical Significance of Gasoline Knock-Ratings—Earl 
Physical World—Prof. V. Karapetoff, Cornell Uni- Bartholomew, Director, Ethyl Gasoline Corp. Labo- 
versity. 7 a , ; ; 
Indiane Section—Oct. 14 Fuel Specifications from the Purchaser’s Standpoint— 
Hotel Severin, Indianapolis Adrian Hughes, Jr., Superintendent of Bus Trans- 
saceett ark essed H. Shepard, Holley Car- portation, United Railways & Electric Co. of Bal- 
‘ timore 
— en Section—Oct. 17 Pittsburgh Section—Oct. 24 
A. W. A. Building, 357 West 57th Street, New York | William Penn Hotel : 
City Principal Speaker and Toastmaster: Edward P. Warner, 


The Guggenheim Safe Aircraft Competition—Lowell H. Editor, Aviation 


Brown and Thomas Huff Short talks by representatives of different Pittsburgh 
Milwaukee Section—Oct. 2 industries 
Milwaukee Athletic Club Southern California Section—Oct. 5 


All-Metal Airplane Construction—S. H. Young, Engi- City Club, Los Angeles 


— Te Metalplane Division, Boeing Air- Piston-Rings, Their Influence on Oil Pumping, Crank- 
plane Co. 


N England Secti Oct. 9 case-Oil Dilution and Cylinder Wear 
ew Englan ection—Oct. : 
Engineers Club Boston Washington Section—Oct. 23 
Brakes—Alvin M. Yocom, Chief Engineer, Multibestos City Club, City of Washington 
Co. Aeronautic Meeting—Thomas Neill, Chairman 





Nominations 


T HE ticket of nominees for the offices 
of the Society next falling vacant 
under the provisions of the Constitu- 
tion is as follows: 


For PRESIDENT 
Edward P. Warner 


FoR VICE-PRESIDENTS 

Representing 

Aircraft 
Vought 

Aircraft-Engine 
G. Leighton 

Diesel - Engine 
Treiber 

Motor-Truck and Motoxcoach Engi- 
neering—Arthur J. Scaife 

Passenger-Car Engineering — George 
L. McCain 

Passenger-Car-Body Engineering—Wil- 
liam N. Davis 

Production Engineering — John 
Younger 

Transportation and Maintenance Engi- 
neering—Frederick C. Horner 


Engineering—Chance M. 
Engineering — Bruce 


Engineering —O. D. 


For COUNCILORS 
Ralph Teetor, Frederick K. 


Glynn 
and Arthur W. S. Herrington 


For TREASURER 
Charles B. Whittlesey, Jr. 


The members of the present Council 
who will hold over as members of the 
1930 Council are W. G. Wall and W. 
R. Strickland, as Past-Presidents, and 
Councilors W. T. Fishleigh, J. A. 
Moyer and O. A. Parker. Each year 
three members of the Council are 
elected to serve for two years. Under 
the new Constitutional provisions, the 
last two surviving Past-Presidents hold 
over as members of the Council, instead 
of only the last surviving Past-Pres- 
ident. 


Method of Making Nominations 


The adoption of the reorganization 
plan, providing for official recognition 
by the Council of Professional Activi- 
ties, involved the abolishing of the 
First Vice-Presidency and the Second 
Vice-Presidencies representative re- 
spectively of Motor-Car, Tractor, Avia- 
tion, Marine and Stationary Internal- 
Combustion Engineering. Therefore 
no nominations for these offices have 
been announced by the 1929 Annual 
Nominating Committee. 

The method of making the nomina- 
tions for the offices and Council mem- 
berships as a whole has been changed. 
The Annual Nominating Committee, 
which formerly made nominations for 
all elective offices and Council member- 
ships, will continue each year to make 
such nominations except in the case of 
the Vice-Presidencies representative of 
Professional Activities recognized of- 


for Officers and Councilors 


ficially by the Council under the pro- 
visions of the revised Constitution. 
The nominations for these Vice-Pres- 
idencies are made by their respective 
Nominating Committees. 

The 1929 Nominating Committees 
elected by the eight Professional 
Activities that have been officially 
recognized are as follows: 


AIRCRAFT 
Dr. G. W. Lewis, Chairman 
C. J. McCarthy C. B. Harper 
L. D. Seymour 


AIRCRAFT-E NGINE 
E. P. Warner, Chairman 
J.D. Alexander Dr. Karl Arnstein 
W. L. LePage 


DIESEL-ENGINE 
A. J. Poole, Chairman 
A. C, Attendu W. T. Fishleigh 
W. R. Strickland 
MorTor-TRUCK AND MOTORCOACH 
B. B. Bachman, Chairman 
E. M. Schultheis F. C. Horner 
A. A. Lyman 
PASSENGER-CAR 
W. C. Keys, Chairman 
L. S. Sheldrick W.N. Davis 
F. C. Pearson 
PASSENGER-CAR-BopDy 
A. J. Neerken, Chairman 


A. E. Northup A. de Sakhnoffsky 
L. L. Williams 


PRODUCTION 
P. A. Brown, Chairman 
G. W. Gilmer, Jr. E. W. Weaver 
W. W. Nichols 


TRANSPORTATION AND MAINTENANCE 


F. K. Glynn, Chairman 
H. V. Middleworth A. J. Scaife 
Pierre Schon 


Presidential Nominee Named in June 


These Nominating Committees nom- 
inated for the respective representative 
Vice-Presidencies the Members whose 
names are given in the ticket listed 
above. Likewise, the Annual Nominat- 
ing Committee of the Society (the per- 
sonnel of which was listed in the 
February S.A.E. JOURNAL, p. 123) re- 
ported the nomination of the others on 
the ticket, the nomination by this Com- 
mittee of Edward P. Warner for the 
Presidency next year having been 
announced at the Summer Meeting of 
the Society held at Upper Saranac last 
June. 

The Constitution and By-Laws 
authorize the organizing of special 
Nominating Committees of the Society 
and of the Professional Activities, by 
20 or more members entitled to vote; 
these committees having respectively 
the same power as the Annual or reg- 
ular Nominating Committees. Such 
special committees, if organized, must 
present their nominations to the Society 
office before the 15th of this month. 





Commi Approves Budget 


Adds to Personnel of Activities Committees and Acts on 


Memberships at September Meeting 


¥ ln September Council meeting, 
which was held in Detroit on Sept. 
20, was attended by President Strick- 
land, First Vice-President Warner, 
Second Vice-Presidents Berry, Fisher 
and Sawyer, and Councilors Fishleigh, 
White, Parker and Whittington. 

A. J. Poole and H. R. Sutphen were 
added to the personnel of the Diesel- 
Engine Committee. C. R. Skinner, Jr., 
was named as a member of the Trans- 
portation and Maintenance Committee. 
Fred H. Colvin and Maurice Holland 
were appointed delegates to the World 
Engineering Congress at Tokio. 

The election of 70 members, 6 grade 
transfers, and 3 reapprovals, on which 
the Council had acted by mail vote, 
were confirmed. Thirty additional ap- 
plications for membership, and also 6 
transfers in grade of membership, were 
approved. Fifteen resignations were 
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accepted, 23 members were dropped for 
non-payment of dues, and one reinstate- 
ment to membership was made. 

The Council passed a resolution de- 
ploring the passing of Edward T. Jones, 
formerly Second Vice-President for Avi- 
ation Engineering, and extending to his 
family deep expression of sympathy. 

A financial statement as of Aug. 31, 
1929, was submitted and discussed. 
This statement showed a net balance 
of assets over liabilities of $224,684.33, 
this being $10.867.24 more than the 
corresponding figure on the same day 
of 1928. The gross income of the 
Society for the first 11 months of the 
fiscal year amounted to $370,994.05, the 
operating expense being $357,367.88. 
The income for the month of August 
was $32,807.50; and operating expense 
during the same month $33,182.32. 

(Concluded on p. 429) 
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Professional-Activity Vice-Presidents 


N THIS issue announcement is made of eight Vice- 

Presidential nominees on behalf of the Professional 
Activities recognized by the Council by the naming otf 
committees representing them. The eight respective 
committees have held meetings recently to elect Nomi- 
nating Committees and to outline their meetings pro- 
grams for the year. These Professional Activity comr 
mittees will continue their work during the remainder 
of this administrative year, with the personnel listed 
on p. 191 of the September number of THE JOURNAL. 

For 1930, each Professional Activity Vice-President 
will name, in conference with the Council, a committee 
to represent and act for the members of the Society 
interested in the respective activity; the Chairmen of 
the corresponding Professional groups of the geographi- 
cal Sections being automatically members of the com- 
mittee. 


The Production Meeting 


HE Production Meeting, the program of which 
was given in the S.A.E. JOURNAL for September, 
is being held in Cleveland, Oct. 2 to 4, in conjunction 
with the National Machine-Tool Exhibition and the 
National Machine-Tool Congress. The technical ses- 
sions of the Congress consist of meetings of the Ameri- 
can Society of Mechanical Engineers on the evenings 
of Sept. 30 and Oct. 1, and the production sessions of 
the Society of Automotive Engineers on the evenings 
of Oct. 2 and 3. A joint Production Dinner is to be 
held on Oct. 4. 
The news of the S.A.E..sessions will be given in the 
S.A.E. JOURNAL for November, which will be a special 
Production Number. 


The New Sections Season 


HIS month the Sections season will be in full swing 

once more. The Meetings Calendar on p. 326 of 
this number of the S.A.E. JOURNAL lists the meeting 
dates of 16 Sections, in most cases with the subjects 
to be discussed specified. Half of these meetings re- 
late to aeronautics, indicating the great interest in this 
rapidly growing field of engineering. 

The Metropolitan Section held a housewarming party 
in its new meeting-place on Sept. 19 to usher in the 
season. The Milwaukee Section had a Summer Frolic 
on Aug. 28. The Pennsylvania, Buffalo and Canadian 
Sections held get-together meetings in September; and 
the Washington, Northern California and Northwest 
Sections held technical meetings during the month. 

Two new Sections were formed in September. The 
first is the Wichita Aeronautic Section, organized on 
Sépt. 20, and the second the St. Louis Section, estab- 
lished on. the 25th. A. third new Section is to be formed 
in Pittsburgh on Oct. 24. These three will give the 
Society 18 Sections, which should make. the season of 
1929-1930 the most’ active the Society has ever known. 
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New officers elected by the old Sections at the close 
of last season are in charge and will be put on their 
mettle to try to outdo their predecessors in building 
up Section membership and arranging meetings that 
will surpass those of past seasons in interest and at- 
tendance. 

The Sections have the vitally important function of 
maintaining local activities, fostering friendships, and 
discussing automotive-engineering subjects of interest 
to men engaged in allied pursuits. 


Member Changes of Position 


N EMBERS of the Society are reminded to notify 

the office of the Society, at 29 West 39th Street, 
New York City, of any change made by them in com- 
pany connection, title of office, or mail address between 
the reading of this and next Jan. 1. Such notification 
is desired for the purpose of revising the Membership 
Roster for 1930, to be issued shortly after the end of 
1929. 

Blanks requesting information on changes since this 
year’s Roster was issued were mailed to all members 
in September. A similar blank will be mailed in No- 
vember to all members who have not then returned the 
first blank showing a change to be made in the listing. 
Cooperation of all members is invited in this effort to 
make the 1930 edition of the Roster complete and ac- 
curate, and to issue it as soon as possible after the 
first of the year. 


Transactions Now in Yearly Volumes 


5 gers 23 of the S.A.E. TRANSACTIONS covering the 
whole year 1928 has been mailed recently to all 
members who placed orders for Part I last spring. A 
number of extra copies have been printed and are avail- 
able to those members in good standing on July 1 who 
failed to place an order. 

The change made in issuing S.A.E. TRANSACTIONS in 
one volume for the entire year instead of in two Parts, 
each covering a six months’ period of a calendar year, 
will be followed in the future. Vol. 24, for the current 
year, is expected to be issued on or before April 1, 
1930. As all of the material that will appear in S.A.E. 
TRANSACTIONS will have been previously published in 
the S.A.E. JOURNAL, members will not be materially in- 
convenienced by waiting for the one volume instead of 
receiving half-yearly volumes, as has been the case 
heretofore. 

A change in the method of ordering S.A.E. TRANSAC- 
TIONS became effective at the beginning of the current 
fiseal year on Oct. 1. In the past, members have re- 
ceived separate order blanks for individual Parts. On 
the membership dues bill, which has recently been 
mailed, space is provided for a member to indicate 
whether or not he desires to receive the volume of 
S.A.E.-Transactions to be issued during the fiscal year 
covered by the bill. 
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High-Temperature Liquid-Cooling 


By GERHARDT W. FRANK! 


CLEVELAND AERONAUTIC MEETING PAPER 











EGINNING with a statement of the requirements 
of a high-temperature cooling-liquid and a short 
history of what had been previously done in this field, 
the author gives a description of the liquid used in 
the investigation which was conducted by the Materiel 
Division at Wright Field. 
The investigation is divided into five parts which 
includes dynamometer test of Curtiss V-1570 and D-12 
engines, endurance test and flight tests of D-12 en- 


Illustrated with Drawines, CHAaRTs AND PHOTOGRAPHS 


gine and a dynamometer test of a high compression- 
ratio D-12 engine. The engines and cooling systems 
used, the results obtained and troubles experienced are 
given in detail, with curves, sketches and views of the 
airplanes. 

Extremely low fuel-consumption was obtained, and 
the results show that the ratio of installed weight to 
power of a liquid-cooled airplane-engine is consider- 
ably reduced by using this system of cooling. 


OOLING _ internal-combus- 
(Vien engines by liquids 


other than water, to per- 
mit operation of the cylinders at 
higher temperatures, is a com- 
paratively old idea. Research and 
experimental work has been done 
to find a liquid suitable for the 
purpose, as better performance 
and operation of the engine was 
hoped for with high-temperature- 
liquid cooling. Very few data are 
available as to previous research 
in this field. It is known that 
various liquids have been tried; 
but no practical working applica- 
tion had been made, because of 
failure of the various liquids to 
meet one or more of the require- 
ments imposed and because of 
structural details of the engines 
in which they were tried. 

The requirements are severe. 
The liquid must have a boiling 
point higher than water and, to 
be ideal, should have a freezing 
point lower than water; it must 
have a relatively high flash-point, 
relatively high specific-heat and 
good surface-wetting qualities, 
and it must not attack the mate- 
rials with which it comes into 
contact or itself be decomposed. 
Among the liquids considered 
were mineral oils, including kero- 
sene, salt solutions and glycerine. 


All failed to meet the requirements exacted, however, 
for one reason or another, such as low flash-point, low 
specific-heat and injury to the materials of the engine. 

The first known attempt to cool an aircraft-engine 
cylinder by means of a high-boiling-point cooling-liquid 
was made by Dr. A. H. Gibson’ at the Royal Aircraft 
Establishment in 1916, in the course of his study of 


1M.S.A.E.—Mechanical engineer, powerplant branch, Materiel 
Division, Air Corps, Wright Field, Dayton, Ohio. 


2See Aero-Engine Efficiencies, Transactions of the Royal Aero- 


nautical Society, No. 3 
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Fic. 1—SEcTION OF CURTISS V-1570 CyYLIN- 
DER 
Thermocouples Were Located at A and B 


cylinder efficiencies as affected by 
cylinder temperature. The liquid 
used was aniline, with jacket tem- 
peratures ranging from 126 to 
314 deg. fahr. 

The first work of the sort at 
McCook Field was done March 27, 
1923, in connection with an in- 
vestigation of heat losses in a 
water-cooled cylinder. This inves- 
tigation was undertaken to study 
the possibility of reducing the 
jacket-heat rejection and thereby 
the size of the radiator. S. D. 
Heron suggested high-tempera- 
ture cooling and the liquid which 
has since been used throughout 
the investigation. The cylinder 
used was an Engineering Division 
type K cast-iron-head steel-barrel 
two-valve air-cooled cylinder, from 
which the fins had been removed 
and which had been fitted with a 
welded-sheet-metal cooling-liquid 
jacket. A series of full-throttle 
runs was made with cooling-liquid 
outlet-temperatures ranging from 
130 to 316 deg. fahr. Later a 12- 
cylinder Liberty engine was 
cooled with the same liquid while 
running in the laboratory at an 
outlet temperature of from 200 to 
268 deg. fahr. The engine was 
then placed in an Army Air Corps 
TP-1 airplane, fitted with wing- 
type radiators, and was given its 


first test in actual flight on Feb. 25, 1924. 

Considerable laboratory work has been done with a 
number of engines, an endurance test has been con- 
ducted, and three airplanes have been successfully 
flown at Wright Field. The investigation is, therefore, 
divided: into five parts, namely: 

(1) V-1570-engine dynamometer-test 

(2) D-12-engine dynamometer-test 

(3) D-12-engine endurance-test 


(4) D-12-engine flight-test 
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Fig. 2—DIAGRAM OF COOLING SYSTEM FOR DYNAMOMETER 
TESTS 


(5) D-12-engine high compression-ratio and high-ro- 
tational-speed dynamometer-test 


Ethylene-Glycol Is the Liquid 


Ethylene-glycol, which was discovered by Wurtz in 
1858, is the liquid that has been used. It is the first and 
simplest member of the class of polyhydric alcohols. It 
is a clear, colorless, highly hygroscopic, odorless liquid 
with a slightly sweetish taste, and it boils at 387 deg. 
fahr. In structure and characteristics it resembles 
somewhat both ethyl-alcohol and glycerol and occupies 
an intermediate position between the two. It is per- 
fectly soluble in water in all proportions and is a non- 
electrolyte. 

The freezing point of pure ethylene-glycol is approxi- 
mately 12 deg. fahr. With water it forms a eutectic 
mixture that has a freezing point of —58 deg. fahr. 
The boiling point of the mixture is also lowered, de- 
pending upon the percentages of water. The specific 
heat of ethylene-glycol is 0.675 at 212 deg. fahr. and 
0.735 at 300 deg. fahr. More detailed information on 
its properties may be found in papers 
of the American Chemical Society’. 

The ethylene-glycol used in this in- 
vestigation is marketed as an auto- 
mobile anti-freeze preparation under 
the trade name of Prestone, by the 
Carbide & Carbon Chemicals Corp. 
Prestone, which contains approximate- 
ly 3 per cent of water, has a boiling 
point of approximately 335 deg. fahr. 
and an initial freezing-point of ap- 
proximately 0 deg. fahr. It is in the 
form of slush between 0 and —45 
deg. fahr. and does not freeze solid 
until the latter temperature is 
reached. 

An investigation of other glycols 
and derivatives and some of the 
higher-boiling monohydric alcohols is 
in progress to determine the possi- 
bilities of other liquids for use as 
high-temperature cooling-liquids. 


V-1570 Engine Dynamometer Test 


The Curtiss V-1570 engine, which 
was used in the first dynamometer 
"8 See Industrial and Engineering Chemis- 


try, June, 1924, p. 624: November, 1925, p. 
1117; and July, 1926, p. 676. 
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tests of the investigation, is a 12-cylinder 54% x 6%4- 
in. 60-deg. V-engine having a total displacement of 
1569 cu. in. and a compression ratio of 5.8 to 1. The 
cylinders are assembled in blocks of six open-end wet 
cylinder-barrels, screwed into the cast-aluminum cylin- 
der-head, as shown in Fig. 1. The aluminum water- 
jacket is bolted to the cylinder-head flange, and a 
packing gland is provided at the base between the 
jacket and the cylinder-barrel. The four valves seat on 
shrunk-in aluminum-bronze inserts. The engine used, 
which is one of the first of this type produced, is rated 
at 525 hp. at 2100 r.p.m. 

Iron-constantan thermocouples were placed in the 
heads of cylinders Nos. 1, 3 and 6-L, and 1, 4 and 6-R at 
the point indicated in Fig. 1. The wires were imbedded 
32 in. deep in the aluminum head, which is % in. thick 
at this point. They were then led through the coolant 
space and out through the water-outlet holes between 
two notched 3/32-in. gaskets and fastened to binding 
posts. Ordinary spaghetti tubing was slipped over the 
wires for insulation. 

Thermocouples were also imbedded ¥ in. deep in the 
ribs of the steel barrels of cylinders Nos. 1, 3 and 6-L 
and 1, 4 and 6-R, at the point shown in Fig. 1. The 
temperatures were taken at the thrust side of the right 
cylinder-barrels. The point at which the barrel tem- 
peratures were measured is 1 in. above the top of the 
piston when in the lower-dead-center position. Aside 
from the thermocouples, the engine was standard in 
every respect. 

The runs were made with the engine connected to an 
electric dynamometer, with a water-brake attached, to 
absorb the greater portion of the power. The closed 
cooling-system, shown in Fig. 2, consisted of a 9-in. 
cartridge-tube-core radiator having 360 sq. ft. of sur- 
face. The radiator was set horizontally in a large open 
tank which had a valve in the drain to regulate the 
water level. Water for cooling was provided by sprays 
both above and below the radiator. An expansion tank 
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Fic. 3—VIEW OF DYNAMOMETER-TEST SET-UP 
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Fic. 4—HORSEPOWER, TEMPERATURES AND FUEL CONSUMP- 
TION AT 300 DeG. FAHR. PRESTONE OUTLET-TEMPERATURE IN 
V-1570 ENGINE 


Results of Varying the Fuel Flow Are Shown 


was placed in the engine-outlet line, with a relief-valve 
set at 2.5 lb. per sq. in. Mercury thermometers were 
installed at the points indicated in Fig. 2, for outlet and 
inlet cooling-liquid temperatures. A venturi connected 
to a U-tube was placed between the radiator and the 
engine pump to determine the rate of liquid flow. A 
view of the laboratory set-up is given in Fig. 3. 

The cooling-liquid outlet-temperature was changed 
by varying the quantity of water sprayed upon the 
radiator and the height of the water level in the tank. 
Fuel flow was measured by a bulb-type volume-gage, 
and the engine speed was determined by a revolution 
counter and stop-watch. 

The fuel used in this engine was 40 per cent benzol 
and 60 per cent domestic aviation gasoline, the latter 
conforming to Air Corps Specification 2-40-F. The oil 
used was Air Corps Specification No. 2-23-E-Grade 4, 
which has a Saybolt viscosity of 120 sec. at 210 deg. 


Procedure for Dynamometer Test of V-1570 Engine 


A series of runs was made at full throttle and 2100 
r.p.m. with varying fuel flow and a variation of water 
outlet-temperature of from 145 to 200 deg. fahr. and 
Prestone outlet-temperature of from 145 to 300 deg. 
fahr. to determine the effect of varying the outlet-tem- 
perature upon horsepower, cylinder temperatures and 
specific fuel-consumption. Runs were also made with 
and without liquid circulating through the inlet mani- 
folds. 

The power was corrected to standard atmospheric 
conditions of 29.92-in. barometer and 60-deg. fahr. tem- 
perature, assuming the power to vary directly as the 
atmospheric pressure and inversely as the square root 
of the absolute temperature. The power and fuel flow 
were also corrected for speed, assuming direct propor- 
tion, which is sufficiently accurate for the 10-r.p.m. 
variations encountered. 


The results were then plotted for each temperature as 
shown by the typical curve, Fig. 4, which is for 300-deg 
fahr. outlet-temperature. The point for 9942 per cent 
of maximum power on the lean side of the curve was 
determined from these curves, and the average cylin- 
der-head and barrel temperatures and specific fuel-con- 
sumption corresponding to the 9914-per cent point were 
plotted against cooling-liquid outlet-temperature, as 
shown in the summary curve, Fig. 5. 


Performance and Operation 


The cylinder-head temperature with water at 180- 
deg.-fahr. outlet-temperature is 312 deg. fahr. and in- 
creases to 322 deg. fahr. when the outlet temperature is 
increased to 200 deg. fahr. With Prestone and an out- 
let temperature of 180 deg. fahr., the cylinder-head 
temperature increases to 388 deg. fahr. with heated 
manifolds, while unheated manifolds resulted in a head 
temperature of 375 deg. fahr. This shows the effect of 
the richer and cooler charge upon the head temperature. 
The head and barrel temperatures follow a straight 
line, varying almost directly with the cooling-liquid out- 
let-temperature. There is a marked decrease in tem- 
perature difference between the head and the barrels 
with increase in cooling-liquid outlet-temperature. At 
180 deg. fahr. with Prestone the difference is 167 deg., 
and at 300 deg. fahr. it is 114 deg. 

A curve showing frictional horsepower and me- 
chanical efficiency up to 211-deg-fahr. outlet-tempera- 
ture with Prestone is shown in Fig. 6. This shows me- 
chanical efficiencies of 89.1 per cent at 211 deg. fahr. 
and 88.6 per cent at 157 deg. fahr. It was impossible 
to determine the mechanical efficiency at 300-deg-fahr. 
outlet-temperature at that time because of the difficulty 
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Fic. 5—RESULTS OF VARIATIONS IN TEMPERATURE OF COOL-~ 
ANT OUTLET-TEMPERATURE IN V-1570 ENGINE 
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Fic. 6—VARIATION OF FRICTION HORSEPOWER AND MECHAN- 
ICAL-EFFICIENCY IN V-1570 ENGINE WITH ' VARYING COOLANT 
TEMPERATURES 


of maintaining the temperature of the cooling liquid at 
higher temperatures. 

Fig. 7 shows the variation of temperature in indi- 
vidual cylinders at 180-deg.-fahr. outlet-temperatures 
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Fic. 7—VARIATION OF TEMPERATURES IN INDIVIDUAL CYLIN- 
DERS AND HEADS OF V-1570 ENGINE AT DIFFERENT COOLANT 
TEMPERATURES 
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with water and Prestone and 300-deg-fahr. outlet-tem- 
perature with Prestone. The higher temperatures with 
Prestone than with water, both at 180-deg. outlet-tem- 
perature, are due to the lower specific heat of Prestone. 

The rise in cooling-liquid temperature through the 
engine at various outlet-temperatures is shown in Fig. 
8. The temperature rise with water at 180 deg. fahr. 
is 20 deg. and increases to 23 deg. at 200-deg-fahr. out- 
let-temperature. With Prestone at 180 deg. fahr., the 
rise is 25 deg., and it increases to 27 deg. at 300-deg- 
fahr. outlet-temperature. 

The oil temperature-rise through the engine with 
variation in coolant outlet-temperature is also given in 
Fig. 8. The rise with water at 180 deg. fahr. is 20 deg., 
and it increases to 22 deg. at 200-deg.-fahr. outlet-tem- 
perature. With Prestone at 180 deg. fahr., the rise is 
23 deg., and it increases to 27 deg. at 300-deg-fahr. 
outlet-temperature. 


Effect of High-Temperature Operation on Engine 


The troubles experienced in operating the V-1570 at 
high temperatures were leakage of the Prestone at the 
lower joint between the cylinder-barrel and the water- 
jacket; cracking of the cylinder-head between the valve- 
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seat inserts and elongation and cracking at the edge of 
the inlet-manifold stud and bolt-holes. 

The leakage at the water-jacket joint was due to the 
difference in expansion of the aluminum jacket and the 
steel cylinder-barrel, which squeezed out the packing at 
the joint and destroyed the seal. This was eliminated 
by placing a 3/32-in-thick duralumin ring in the joint, 
as shown in Fig. 9, the outside diameter of which was a 
slip fit in the jacket bore. The duralumin ring, being 
nearly the same temperature of the jacket, maintains 
contact with the jacket bore. This eliminates the squeez- 
ing out of the packing and prevents the cooling liquid 
from coming in contact with the packing. The packing 
material was changed also, to a rubber compound which 
has higher heat resistance than the material originally 
used. 










NG 


of 


he 
he 
at 
ed 
nt, 
sa 
ng 
ns 
27,- 
lid 
ng 
ich 
lly 





October, 1929 


No. 4 





HIGH-TEMPERATURE LIQUID-COOLING 333 





The cracking of the aluminum 
cylinder-head in the sections be- 
tween the valve-seat inserts was 
probably due to the reduced 
strength of the alloy at the high 
operating-temperatures and the 
initial stresses set up in the 
aluminum by shrinking-in the 
valve-seat inserts. In view of 
this failure, a change is being 
made to an aluminum alloy hav- 
ing greater strength at the higher 
temperatures, and the _ section 
has been increased at this point. 

The cracking at the edge of the 
inlet-manifold stud and bolt-holes 
was due to increased longitudinal 
expansion of the cylinder-blocks 
and opening of the V at the high- 
er operating-temperatures. Cor- 
rection for this was made by in- 
creasing the holes from 17/64 in. 
to 5/16 in., to provide additional 
clearance for the studs and bolts. 


The valves, pistons, piston-rings, bearings—in fact 
all the engine parts except those mentioned—appeared 
normal after considerable operation at the high cooling- 
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Fic. 9—LOWER JOINT BETWEEN CYLINDER- 
BARREL AND WATER-JACKET OF BOTH EN- 
GINES TESTED 


V-1570 engine. 


liquid temperatures. It is also of interest to note that 


no special provisions were found necessary in the water- 


pump packing-gland. 


D-12-Engine Dynamometer-Test 
After the encouraging results obtained with the 


V-1570 engine, a Curtiss D-12 
engine was prepared for fur- 
ther investigation. This engine 
is also of the 12-cylinder 60- 
deg. V-type. The cylinders are 
414 x 6 in., giving a displacement 
of 1160 cu. in., and it is rated at 
435 hp. at 2300 r.p.m., with a 
normal compression-ratio of 5.6 
to 1. The engine is of the same 
general construction as the V- 
1570 engine with the exception of 
the cylinder-blocks, shown in Fig. 
10. The cylinder barrels are of 
the wet closed-end type and are 
screwed into the aluminum cylin- 
der-head casting, with the valves 
seating upon the steel head. 

Higher head-temperatures were 
anticipated, because of the ther- 
mal gap through which the heat 
from the steel cylinder must pass 
to reach the aluminum head, 
which is in contact with the cool- 
ing liquid. Iron-constantan ther- 
mocouples were inserted in all 
cylinder-heads and barrels for 
temperature measurement at the 
points C and D. 

The thermocouple in the head 
was fixed in a steel plug imbedded 
¥ in. deep in the center of the 
steel cylinder-head, and that in 
the barrel was %% in. above the 








top of the piston when in the 
lower-dead-center position and 
was installed in the same manner 
as in the V-1570 engine. The tem- 
peratures were measured on the 
thrust side in the right cylinders. 

The results of the V-1570 oper- 
ation at high coolant-tempera- 
tures led to the following changes 
in the D-12 engines: 


(1) The piston clearance, which is 
normally less per inch of di- 
ameter in the D-12 than the 
V-1570, was increased to the 
same proportion 

(2) A duralumin compensating ring 
was placed in the packing 
gland between the cylinder- 
barrel and the water-jacket, 
as shown in Fig. 9 

(3) The inlet-manifold stud and 
bolt-holes were enlarged to 
5/16 in. 


The tests were conducted with 


the engine connected to a dynamometer, and the cool- 
ing system was the same as shown in Fig. 2, for the 


Test Procedure and Results 


Runs were made at the rated speed of 2300 r.p.m. 
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Fic. 10—-SECTION OF CURTISS D-12 CYLINDER 
Thermocouples Were Located at C and D 


with a water outlet-temperature of 180 deg. fahr. and 
Prestone outlet-temperatures of 180 and 300 deg. fahr. 
A curve showing the variations in individual cylinder- 


head and barrel temperatures at 
180-deg-fahr. outlet-temperature 
with both water and Prestone and 
at 300 deg. fahr. with Prestone 
is shown in Fig. 11. It is of in- 
terest to compare the higher 
average head-temperatures of 
this cylinder construction with 
those of the V-1570, which are 
shown in Fig. 7. The V-1570 
head-temperature at 180-deg- 
fahr. water-outlet-temperature is 
309 deg. fahr., while that of the 
D-12 is 378 deg. fahr. or 69 deg. 
higher. At the 300-deg-fahr. 
outlet-temperature the head tem- 
perature is 431 deg. fahr. in the 
V-1570 and 508 deg. fahr. or 77 
deg. higher in the D-12. The 
brake mean-effective-pressure is 
practically the same in both en- 
gines at their respective normal 
speeds. 

Unfortunately, leakage of Pres- 
tone through the threads of the 
joint between the cylinder-head 
and the barrel into the valve-ports 
developed in several cylinders, and 
the tests on this engine were dis- 
continued because of the anti- 
knock effect of Prestone when in- 
troduced thus into the cylinder. 

Since the cylinder operating- 
temperatures of the D-12 engine 
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were not excessive, another was prepared for a stand- 
ard 50-hr. endurance test at 300-deg-fahr. outlet-tem- 
perature. The same changes were made in the piston 
clearances, water-jacket packing-gland and inlet-mani- 
fold studs and bolt-holes in preparing the engine. In 
addition, a pair of cylinder blocks were selected which 
did not leak at the joint between the cylinder-head and 
the cylinder-barrel under a steam-pressure test. Com- 
plete measurements were made of all the major parts 
of the engine before assembly, and the engine was 
calibrated at the dynamometer afterward. 


Endurance Test on D-12 Engine 


The endurance test was conducted on a fixed test- 
stand, the power being absorbed by a test club. The 
cooling system was set up as shown in Fig. 12. A 9-in. 
tubular-core radiator, having 234 sq. ft. of cooling 
surface with shutters to regulate the operating tem- 
perature, was used, placed directly behind the engine 
and in the same plane, in an area of minimum propeller- 
slip-stream velocity. Iron-constantan thermocouples 
were placed at the points indicated to measure cooling- 
liquid temperatures at the inlets and outlets of both 
the engine and the radiator. Provision for heating the 
inlet manifolds by circulating part of the cooling liquid 
through the jackets was made, as indicated in the dia- 
gram, Fig. 12. 

The test was a standard Air Corps 50-hr. endurance 
test and consisted of ten 5-hr. periods; the first half- 
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Fic. 11—VARIATIONS IN TEMPERATURES OF INDIVIDUAL CYL- 
INDERS AND HEADS IN D-12 ENGINE 
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Fig. 12—DIAGRAM OF TEST-STAND COOLING-SYSTEM 


hour of each period being at full-throttle speed and the 
remaining 4% hr. at 97 per cent of full-throttle speed, 
with a propeller load corresponding to 90 per cent of 
full-throttle power. The cooling-liquid outlet-tempera- 
ture was maintained at 300 deg. fahr. and the oil outlet- 
temperature at 160 deg. fahr. The fuel used was a 
mixture of 20 per cent benzol and 80 per cent domestic 
aviation gasoline for the first 15 hr. and domestic avia- 
tion gasoline plus 1% ec. of ethyl fluid per gallon for 
the last 35 hr. 


Performance and Operation 


The average full-throttle speed was 2277 r.p.m., with 
an average fuel-consumption of 209.4 lb. per hr. This 
is 5 per cent less than the normal fuel-consumption of 
220 lb. per hr. for this type of engine. The average oil- 
consumption at full throttle was 5.78 lb. per hr. or 
approximately 0.013 lb. per b.hp-hr., which is normal 
for this type of engine. The average 97-per cent speed 
was 2219 r.p.m., with an average fuel-consumption of 
176.5 lb. per hr. and an average oil-consumption of 4.7 
Ib. per hr. or approximately 0.012 lb. per b.hp-hr. 

The average cooling-liquid temperature-rise through 
the engine was 17 deg. at full throttle. It was only 
necessary to barely open the shutters of the radiator 
to maintain the 300-deg-fahr. outlet-temperature. The 
average atmospheric temperature during test was 37 
deg. fahr., and the temperature drop through the 
radiator was 10 deg. The average oil temperature-rise 
through the engine was 12 deg. at full throttle and 11 
deg. at 97-per cent speed. 

The engine was calibrated at the dynamometer after 
the endurance test. Full-power and propeller-load com- 
parison-curves at 180-deg-fahr. water outlet-tempera- 
ture and 300-deg-fahr. Prestone outlet-temperature are 
shown in Figs. 13 and 14. 

The power developed at 2300 r.p.m., as shown in 
Fig. 13, is 436.5 b.hp. with a water outlet-temperature 
of 180 deg. fahr. and 432.5 b.hp. with a Prestone outlet- 
temperature of 300 deg. fahr., indicating a loss of 4 
b.hp. or 1 per cent at the higher temperature. The 
full-throttle best-setting specific-fuel-consumption curve 
at 300-deg-fahr. outlet-temperature is consistently 3 
per cent lower than with water at 180 deg. fahr., 
throughout the speed range. 

The propeller-load calibration-curve, Fig. 14, shows 
the minimum specific-fuel-consumption of 0.470 lb. per 
b.hp-hr. at 2000 and 2100 r.p.m., with the best setting 
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D-12 ENGINE AFTER A 50-HR. ENDURANCE TEST AT A COM- 
PRESSION RATIO OF 5.6 TO 1 


Data on Cooling Media and Their Temperatures, the Carbureter 


Settings and Fuels Used Are Given Below. 
Curve A B Cc D 
Cooling Medium Water Water Prestone Prestone 
Outlet Temperature, deg. fahr. 180 180 300 300 
Carbureter Setting Full Rich Best Full Rich Best 
Fuel 

Benzol, per cent 20 20 40 40 

Domestic Aviation Gasoline, 

per cent 80 80 60 60 





TISS D-12 ENGINE AFTER A 50-HR. ENDURANCE TEST AT A 
COMPRESSION RATIO OF 5.6 TO 1 


The Fuel Used in This Test Was a Mixture of 20 Per Cent of 
3enzol and 80 Per Cent of Domestic Aviation Gasoline Having a 


Specific Gravity of 0.740 to 0.742. The Average Barometric 
Pressure Was 29.29 In. of Mercury. Data on the Cooling Media 
ind Their Temperatures and the Carbureter Settings Are Given 
Below. 

Curve A B C D 
Cooling Medium Water Water Prestone Prestone 
Outlet Temperature, deg. fahr. 180 180 300 300 
‘arbureter Setting Full Rich Best Full Rich Best 
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THREE VIEWS OF THE CURTISS P-1B PurRSUIT AIRPLANE 


Fig. 15—Equipped for Water Cooling 


Fig. 16—Equipped for Prestone Cooling 


Fig. 17—Witb Radiator Cowling Removed 






















2 AS Ne sea BE 


STE er ae 





Vol. XXV 


October, 1929 No. 4 





336 S. A. E. JOURNAL 


F; Ver 


4 
/ 2-Ga/ Expansion Tank 


Outlet+- 
Thermometer .. 
Connection 








ra — 
di Inlet- 
Shutters ________—"% yThermome fer 
9-In. Core Tube Sas res onnection 
Radiator oa : ™ ‘ On 1y -In. Py; 
72.59. Ft. ; a, L/ e /%4-In. Pipe 
Cooling Surface a. :. SS, 


, Tie 
Standard P-IB Radiator 
234 59. Fr Cooling Surface 


Fig. 18—DIAGRAM OF P-1B COOLING SYSTEM 


and 300-deg-fahr. outlet-temperature, while the mini- 
mum fuel-consumption at 180-deg-fahr. water outlet- 
temperature is 0.480 lb. per b.hp-hr., a decrease of 1 
per cent. 

After the endurance test, the engine developed 5.6 
b.hp. less, which is within 1.2 per cent of the power 
developed before the test. 


Condition of Engine after Endurance Test 


The condition of the engine after the test was normal 
except for piston-ring wear, which was greater than 
usually found in this type of engine; partial sticking 
of four piston-rings; and leakage of Prestone at two 
points in the engine. 

The piston-ring wear was no doubt due to the high 
operating-temperature of the engine and is analogous 
to that occurring in air-cooled engines. No trouble has 
ever been experienced in excessive piston-ring wear at 
normal operating-temperatures. 

The sticking of rings was due to forming and de- 
positing carbon in the ring grooves, which was prob- 
ably caused by the oil and insufficient ring-groove 
clearance. 

Leakage of Prestone occurred at the threaded joint 
between the cylinder-head and cylinder-barrel of four 
cylinders and at four spark-plug bushings. The spark- 
plug bushings, which are duralumin and of compara- 
tively thin section, were found partly 
sheared in the plane of the cylinder- 
head joint. The failure was probably 
due to the differential expansion of 
the different metals, since the bush- 
ing is threaded through both the alu- 
minum and the steel, as shown in 
Fig. 10. 

The piston-ring sticking has been 
overcome by increasing the ring- 
groove clearance and using an oil of 
a different base. The leakage at the 
cylinder-head joint has been stopped 
by the addition of a packing gland 
similar to that at the base of the cyl- 
inder; and the failure of the duralu- 
min spark-plug bushing has been over- 
come by a change of material to 
aluminum-bronze, which has greater 


D-12 Engine Flight Tests 


Tests were then carried to the flight stage by pre- 
paring another D-12 engine, incorporating changes 
found necessary as results of the previous tests and in- 
stalling it in a Curtiss P-1B pursuit-type airplane. This 
plane has been flown successfully for 100 hr. of severe 
test and service flying by well over 50 pilots with- 
out any cooling-system trouble. A photograph of the 
airplane as normally equipped for water cooling is 
shown in Fig. 15 and as equipped with the reduced ra- 
diator for high-temperature liquid-cooling in Fig. 16, 
for comparison. The front of the latter airplane is 
shown without radiator cowling in Fig. 17. Fig. 18 isa 
comparative diagram of the two cooling systems, show- 
ing them to be essentially alike. 

The normal radiator core for water-cooling has a 
projected height of 225% in. and width of 17% in. and 
234 sq. ft. of cooling surface. The reduced radiator 
core is the same width but has a projected height of 
only 614 in. and 72 sq. ft. of cooling surface. This is 
a reduction of 70 per cent in cooling surface. The 
radiator surface required for a water-cooled engine in 
this type of airplane is 0.538 sq. ft. per hp., and the 
same engine requires only 0.165 sq. ft. per hp. with 
high-temperature liquid-cooling. 

The capacity of the normal water-cooled system is 
14.5 gal., and this system has a capacity of 9.5 gal. 
This indicates a reduction of 35 per cent, but actually 
only 8.5 gal. is carried, the remaining space being al- 
lowed for expansion of the liquid. The total weight of 
the airplane was reduced 100 lb. by the installation. 


Performance in Airplane 


The engine operation in the airplane has been very 
satisfactory and the performance and maneuverability 
of the airplane have been improved, as attested by all 
pilots who have flown it. The maximum cooling-liquid 
outlet-temperature recorded in level full-throttle flight 
has been 285 deg. fahr., with a ground-level air-tem- 
perature of 85 deg. fahr. The cooling-liquid tem- 
perature-rise through the engine is 20 deg. at full 
throttle. 

No oil cooler is provided, and the oil that has been 
used has a relatively flat viscosity-curve and 120 Say- 
bolt sec. viscosity. The fuel used throughout has been 


domestic aviation gasoline plus 515 cc. of 1T ethyl fluid, 





strength. Fic. 19—EXPERIMENTAL CURTISS AIRPLANE WITH WING-TYPE RADIATORS 
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-£ tional-speed. An engine prepared for high-temperature 
7, Rich y 40 5 * operation was fitted with pistons giving a compression 
_| _|30= & ratio of 7.3 to 1, and some very remarkable results 
ie < = were obtained. The tests were made with the engine 
+120 6 2 connected to the dynamometer as before. The fuel used 
3 4 | : nts was California fighting-grade gasoline plus 11 cc. of 
Rae | $2 1T ethyl fluid. 
e 420 SE Performance and Fuel Saving Effected 
_ 
g 400) a Full-power calibration-curves from 1800 to 2600 
= 380) _ r.p.m. with 300-deg-fahr. Prestone outlet-temperatures 
3 are given in Fig. 22. The engine developed 522 b.hp. at 
= 360) —220 , 2600 r.p.m. and 488 b.hp. at 2300 r.p.m. The maximum 
449/—_L- | boos brake mean-effective-pressure was 146 lb. per sq. in., 
3 | ao .at 2000 r.p.m. The power output was 12 per cent 
—)80 2 greater than the rated power at the normal speed of 
| = 2300 r.p.m. with 5.6-to-1 compression-ratio and 180-deg- 
p60 fahr. jacket-temperature. 
| = 1 1140 2 There is a saving of 20 per cent from the normal 
£ | ee specific-fuel-consumption of 0.500 lb. per b.hp-hr. with 
= 0.550; GR 2 Gal ak water and normal compression-ratio at best setting, 
L E E0500 | ms ‘| | throughout the full-throttle speed-range. The specific 
£ eo” ots | Sam fuel-consumption is also remarkably constant through- 
a) &. 0.450 +—+ ff. Soest Set han sf — out the range of speeds, varying only from 0.407 to 
Oss oo 0.415 lb. per b.hp-hr. 
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Fig. 20—-FULL-POWER CALIBRATION-CURVES OF THE CURTISS 
D-12 ENGINE INSTALLED IN A CURTISS P-1C PURSUIT AIR- 
PLANE 
The Conditions Under Which This Test Was Made Were as 
Follows: Compression Ratio, 5.6 to 1; Cooling Medium, Prestone ; 
Outlet Temperature, 300 Deg. Fahr.; Fuel, Domestic Aviation 
Gasoline to Which 5% Cc. of Ethyl Fluid per Gallon Was Added, 
Giving a Specific Gravity of 0.710 at 64 Deg. Fahr.; Average 


Barometric Pressure, 29.57 In. of Mercury; Average Carbureter- 


Air Temperature, 75 Deg. Fahr. 


the standard fuel used for all airplanes at Wright Field. 

A Curtiss P-1C pursuit-type airplane equipped with 
wing-type radiators for high-temperature cooling, 
shown in Fig. 19, has also been flown. 

Full-power and propeller-load calibration-curves of 
one of the engines installed in an airplane are shown 
in Figs. 20 and 21. The power developed at 2300 r.p.m. 
is 430 hp., which is 1.1 per cent less than the normal 
rating. The specific fuel-consumption at full throttle 
and best setting of the mixture control varies over the 
speed range from 0.441 to 0.456 lb. per b.hp-hr. This 
is from 8.8 to 11.1 per cent less than the normal fuel- 
consumption of 0.500 lb. per b.hp-hr. for this engine 
when operated with water at normal temperature. The 
best-setting fuel-consumption on propeller loads varies 
from 0.456 to 0.477 lb. per b.hp-hr., which is from 4.6 
to 8.8 per cent less than normal. 

Oil-consumption runs at 97 per cent of rated speed 
or 90 per cent of maximum power on propeller load 
were made on the two engines, before installation in the 
airplanes, with oil outlet-temperature of 180 deg. fahr. 
and cooling-liquid outlet-temperature of 300 deg. fahr. 
The average oil-consumption was 5.10 lb. per hr. or 
0.0105 lb. per b.hp-hr., which is normal for the engine. 


High-Compression and High-Speed Test 


Further laboratory work has been carried on with 
the D-12 engine by the combining of high-compression- 
ratio high-temperature liquid-cooling and high rota- 


Propeller-load calibrations based upon full-throttle 
powers at 2300 and 2600 r.p.m. are given in Figs. 23 
and 24 for 300-deg-fahr. Prestone outlet-temperature. 
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Fic. 21—PROPELLER-LOAD CALIBRATION-CURVE OF THE D-12 
ENGINE INSTALLED IN A CURTISS P-1C PURSUIT AIRPLANE 


The Conditions Under Which This Test Was Made Were as 
Follows: Compression Ratio, 5.6 to 1; Cooling Medium, Prestone;: 
Outlet Temperature, 300 Deg. Fahr.; Fuel, Domestic Aviation 
Gasoline to Which 5% Cc. of Ethyl Fluid per Gallon Was Added, 
Giving a Specific Gravity of 0.714 at 75 Deg. Fahr.; Average 
Barometric Pressure, 21.83 In. of Mercury: Average Carbureter- 

Air Temperature, 63 Deg. Fahr. 
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TABLE 1—EFFECT OF HEAT AT INLET MANIFOLDS UPON HORSEPOWER AND FUEL CONSUMPTION 


Mixture-Control Setting Full Rich Best Power Best Setting 
Manifold Heated Unheated Heated Unheated Heated Unheated 
2300 R.P.M. 

Power, b.hp. 483.7 494.4 485.2 493.9 480.1 485.6 

Specific Fuel-Consumption, lb. per b.hp-hr. 0.470 0.469 0.445 0.466 0.400 0.412 
' 2600 R.P.M. 

Power, b.hp. 522.5 537.0 525.7 538.0 516.2 531.7 

Specific. Fuel-Consumption, lb. per b.hp-hr. 0.476 0.478 0.452 0.466 0.401 0.430 


The best-setting specific-fuel-consumption is 0.401 lb. 
per b.hp-hr., at 2600 r.p.m., and it gradually rises to 
0.464 lb. per b.hp-hr. at 1800 r.p.m. The full-rich and 
best-setting specific-fuel-consumption curves are very 
close together from 2300 to 1800 r.p.m. The propeller-. 
load best-setting specific-consumption-curves based on 
2300 r.p.m. are flatter, varying from 0.399 lb. per 
b.hp-hr. at 2200 r.p.m. to 0.422 lb. per b.hp-hr. at 1800 
r.p.m. with the best setting of the mixture control. 

A curve giving the variation of horsepower and spe- 
cific fuel-consumption with varying fuel-flow is shown 
in Fig 25. It is evident that the carbureter-jet size is 
sufficiently large to give a richer mixture than is re- 
quired by the engine to develop maximum power. The 
maximum power of approximately 525 hp. is developed 
with a specific fuel-consumption of 0.420 lb. per b.hp-hr. 
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Fig. 22—ANOTHER FULL-POWER CALIBRATION-CURVE OF THE 
Curtiss D-12 ENGINE 
The Conditions Under Which This Test Was Run Were as 
Follows: Compression Ratio, 7.3 to 1; Cooling Medium, Prestone: 
Outlet Temperature, 300 Deg. Fahr.; Fuel, California Fighting 
Gasoline to Which 11 Cc. of Ethyl Fluid per Gallon Was Added, 
Giving a Specific Gravity of. 0.722 at 79 Deg. Fahr.; Average 
Barometric Pressure, 29.30 In. of Mercury; Average Carbureter- 


Air Temperature, 76 Deg. Fahr. 
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FIG. 23—-PROPELLER-LOAD CALIBRATION-CURVES OF THE CUR- 
TISs D-12 ENGINE BASED ON FULL-THROTTLE POWER AT 2300 


R.P.M. 
The Conditions Under Which This Test Was Run Were as 
Follows: Compression Ratio, 7.3 to 1; Cooling Medium, Prestone; 
Outlet Temperature, 300 Deg. Fahr.; Fuel, California Fighting 
Gasoline to Which 11 Cc. of Ethyl Fluid per Gallon Was Added, 
Giving a Specific Gravity of 0.722 at 79 Deg. Fahr.; Average 
Barometric Pressure, 29.31 In. of Mercury; Average Carbureter- 
Air Temperature, 76 Deg. Fahr. 


At the best setting of the mixture control, which corre- 
sponds to a drop of 1 per cent from the maximum 
power, or 520 hp., the specific fuel-consumption is 0.400 
lb. per b.hp-hr. The minimum specific-fuel-consumption 
obtained was 0.390 lb. per b.hp-hr., with 3-per cent drop 
from maximum power. 

The effect of cooling-liquid circulation in the car- 
bureter-inlet-manifold jackets, at full throttle and 2300 
and 2600 r.p.m. is shown in Table 1. Shutting off the 
heat in the inlet manifold resulted in a 2.3-per cent in- 
crease in power and a 7.2-per cent increase in specific 
fuel-consumption at 2300 r.p.m. It is evident from this 
that the extremely low specific-fuel-consumption ob- 
tained in this engine is only partly due to the applica- 
tion of heat to the mixture before it enters the 
cylinders. 

The condition of the pistons and piston-rings of this 
engine was very good after 15 hr. of full throttle oper- 
ation in course of the tests made at the dynamometer. 
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A number of exhaust valves were slightly stretched. 
These tests are now in progress. 


Effect on Engine and Cooling Systems 


During the entire investigation no trouble was ex- 
perienced from the Prestone in attacking the materials 
of the engine or cooling system with the exception of 
the rubber-hose connections. 

The ordinary Air-Corps-specification radiator-hose 
was used for cooling-system connections in the dyna- 
mometer and endurance tests. The Prestone at tempera- 
tures above the vulcanizing temperature of the rubber 
compound of the hose lining, causes the lining to swell 
and loosen from the layers of fabric. 
100-lb. steam hose were used in the airplane installa- 
tions. They gave better service; but the material is 
not entirely satisfactory, because of the stiffness of the 
34-in-thick walls, and it is difficult to clamp securely. 
An investigation now in progress gives promise of de- 
veloping a hose connection that will not be deteriorated 
by Prestone at 300 deg. fahr. 
were necessary in the airplane radiator, which is of 
standard construction for use with water and was only 
reduced in size for this installation. 


Advantages Found 


The results of the investigation indicate that the 
modern water-cooled aircraft-engine, with minor 
changes, can be operated successfully and more effi- 
ciently at a cooling-liquid temperature of 300 deg. fahr. 
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Fic. 24—PROPELLER-LOAD CALIBRATION-CURVES OF THE D-12 
ENGINE BASED ON FULL-THROTTLE POWER AT 2600 R.P.M. 


The Conditions Under Which This Test Was Made Were as 
Follows: Compression Ratio, 7.3 to 1; Cooling Medium, Prestone; 
Outlet Temperature, 300 Deg. Fahr.; Fuel, California Fighting 
Gasoline to Which 11 Cc. of Ethyl Fluid per Gallon Was Added, 
Giving a Specific Gravity of 0.722 at 78 Deg. Fahr.; Average 


Barometric Pressure, 29.32 In. of Mercury; Average Carbureter- 
Air Temperature, 75 Deg. Fahr. 
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Fic. 25—CuRVES SHOWING VARIATION IN HORSEPOWER AND 
SPECIFIC FUEL-CONSUMPTION AT VARYING FUEL-FLOW RATES 


This Test Was Made on a Curtiss D-12 Engine Operating with 
a Full Open-Throttle at 2600 R.P.M. Other Test Data Were, Com- 
pression Ratio, 7.3 to 1; Cooling Medium, Prestone; Outlet Tem- 
perature, 300 Deg. Fahr.: Fuel, California Fighting Gasoline to 
Which 11 Ce. of Ethyl Fluid per Gallon, Was Added, Giving a 

Specific Gravity of 0.722 at 78 Deg. Fahr. 


Operating an engine at this temperature entails a sacri- 
fice of approximately 3 per cent in power; but the loss 
in power is minor when compared to the advantages 
obtained by better fuel-economy; reduction in the size 
of the radiator, the amount of cooling liquid, the weight 
of the engine installation, and the parasite resistance 
of the airplane; and the simple and positive provisions 
afforded for ample heating of the inlet manifolds. 

Better Fuel-Economy.—The D-12 engine with nor- 
mal compression-ratio gives 10 per cent better fuel- 
economy when operated with cooling liquid at 300 deg. 
fahr. than when operated with water at the normal 
temperature. The 30-per cent increase of compression 
ratio, to 7.3 to 1, results in a further drop of 10 per 
cent, or a total decrease of 20 per cent from the normal 
fuel-consumption. 

Reduction in Radiator Size-——The amount of cooling 
surface in the radiator for a given engine can be 70 
per cent less with high-temperature liquid-cooling than 
water cooling at the normal operating-temperature. 

Reduction in Cooling Liquid Required.—The volume 
of high-temperature cooling-liquid is 30 per cent less 
than that of the water required for cooling the same 
engine. 

Reduction in Engine-Installation Weight.—The sub- 
stitution of high-temperature cooling for water cooling 
in the P-1B airplane, shown in Figs. 15, 16 and 17, re- 
sulted in an 11-per cent reduction in engine-installation 
weight. This is due to the reduction in weight of the 
radiator and in the volume of cooling liquid required. 
It is believed that a greater reduction in engine-in- 
stallation weight will result in an airplane designed for 
this system of engine cooling. 

Reduction in Parasite Resistance of Airplane.—The 
radiator of an airplane offers approximately 15 per 
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cent of the total parasite-resistance of the airplane. 
The 70-per cent reduction in frontal area of the radi- 
ator should result in reducing the air resistance of the 
radiator from 15 per cent to 4.5 per cent of the total. 

Simple and Positive Provision of Heat to the Inlet 
Manifolds.—The cooling liquid provides a more than 
ample supply of heat, which can be controlled to give 
to the inlet manifolds the amount required to prevent 
freezing and to obtain the best fuel-air distribution. 
This is far more simple and positive than the bulky 
exhaust-gas type of carbureter-air or mixture heater, 
used on most air-cooled engines, and adds practically 
no weight to the engine. 


New Performance Standards Possible 


The combination of high compression and high-tem- 
perature cooling results in decreasing the ratio between 
the installed weight and the power, from 2.00 lb. per 
hp., at the normal rating of 435 hp. at 2300 r.p.m. and 


the normal compression-ratio, to 1.46 lb. per hp., at 525 
hp. at 2600 r.p.m. and the higher compression-ratio. 
Further development is in progress which promises to 
give even a greater reduction in this ratio. This fea- 
ture, when combined with the other advantages of high- 
temperature liquid-cooling, should result in some very 
remarkable and heretofore unattained performance in 
airplanes designed around this system of cooling. 

In closing, I wish to thank all those whose efforts, 
Suggestions and assistance made possible the success 
of this investigation. Especially do I wish to thank 
General W. E. Gillmore and others in authority, for 
permission to present the paper; S. D. Heron, for the 
original idea and his efforts; Capt. T. E. Tillinghast, 
Lieut. E. R. Page, Robert Insley and Opie Chenoweth, 
for their supervision and suggestions; Capt. R. G. 
Breene, for his efforts in the airplane installation; and 
Lieut. J. D. Corkille and Lieut. J. B. Haddon, for their 
flight-test information. 


THE DISCUSSION 


J. H. GEISSE*:—The engines used by the Navy in its 
pioneer work on ethylene-glycol cooling were the 
Wright T-3, 600-hp. liquid-cooled 12-cylinder V-type 
and the well-known Hispafio-Suiza in the form of a 
Wright E-4. The results of these tests were very 
similar to those obtained by the Army. Both engines 
operated very satisfactorily up to 300-deg. fahr. outlet- 
temperature, and the E-4 was operated for long periods 
with an outlet temperature of 350 deg. fahr. With 
the higher outlet-temperature it was found necessary 
to increase the piston-ring clearances of the E-4 to 
that commonly used in air-cooled engines. 

In addition to the tests for endurance, power, fuel 
economy and required radiator area, tests were made 
in the E-4 with 5:1, 3:1 and 6:1 compression-ratios 
to determine the effect of the higher jacket-tempera- 
tures on detonation. It was found that there was a 
slight increase in detonation tendency with an increase 
in jacket temperature, but not enough to make the 
higher temperatures uninteresting. 

In all of the early considerations of .high-tempera- 
ture liquid-cooling, the reduction in radiator size ex- 
pected was that which would result from the increase 
in the temperature of the radiator surface. Roughly, 
this decrease is proportional to the increase in the 
temperature difference between the radiator and the 
air. With an air temperature of 100 deg. fahr., the 
temperature difference is increased from 80 deg. with 
water to 240 deg. with Prestone, or 300 per cent. This 
agrees fairly closely with Mr. Frank’s figure of 70-per 
cent decrease in radiator area. The latter represents, 
of course, a great saving in head resistance and in 
powerplant weight. It should be enough to create a 
very great interest in high-temperature liquid-cooling, 
but I predict a much greater saving; in fact, the elimi- 
nation of the radiator as we now know it. 

Mr. Frank has not mentioned the increase in heat 
dissipated from the jacket walls, which seems to me 
to be the most important item in high-temperature 
liquid-cooling and that which will cause this type of 
cooling system to become a vital factor in aviation- 
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engine development. Less rise in water temperature 
on the torque stand than in the dynamometer tests has 
always shown that water-jacket walls dissipate a con- 
siderable part of the total heat that is radiated. 


Separate Radiator May Be Eliminated 


When jacket walls are brought up to a temperature 
between 300 and 350 deg. fahr., they become excellent 
radiators. It is doubtful if the average surface tem- 
perature of the fins of an air-cooled cylinder, including 
the head, is higher than this. If so, it is only neces- 
sary to provide an equivalent area to make the radia- 
tor unnecessary. In fact, the mean air-velocity can 
undoubtedly be made higher with the liquid-cooled en- 
gine in block form, and less area will be required. We 
were able, in our tests, to run the E-4 engine with no 
modifications of the jacket wall and with the V ob- 
structed by manifolds and carbureters, without a ra- 
diator in an air temperature which, if I remember cor- 
rectly, was about 40 deg. fahr. I am confident that 
the engine could be operated without a radiator in our 
warmest regions, after increasing the jacket-wall sur- 
face by means of corrugations or fins and cleaning up 
the V. 

The possibilities of such a development are to be 
reckoned with. It has already been demonstrated that 
we have reached the useful limit of power in direct- 
air-cooled radial engines, yet there is a decided demand 
for units of greater power. The head resistance is a 
serious handicap, even in the sizes that are now in use; 
and it has caused the development of elabortae cowl- 
ings, which increase the already considerable inter- 
ference with vision. Diesel engines undoubtedly are 
coming in the near future. Cooling is a more delicate 
problem in the Diesel than in the Otto engine, and it 
is highly desirable to have a higher cylinder-tempera- 
ture than water permits; yet direct air-cooling has 
been used in only one Diesel; all the others have been 
water-cooled. 

Numerous developments of in-line and V-type direct 
air-cooled engines have been started to meet the de- 
mands for larger power-units, lower head-resistance 
and better visibility. The problems encountered in 
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securing uniform and satisfactory cooling in these 
types are much more difficult to solve than in the radial 
type. The reduction in head resistance promised by 
these types has in most cases been greatly offset by 
the necessity of providing air scoops. In both types 
it is necessary to turn the cooling-air stream twice 
through 90 deg., which does not lead to low head-resis- 
tance. The problems are such that there is consider- 
able talk of the water-cooled engine returning, and the 
one thing which has probably prevented this has been 
the bugbear of plumbing troubles. 

High-temperature liquid-cooling seems to offer a 
way out of these difficulties. There will be no difficulty 
in securing uniform cooling of the cylinders in each 
bank and much more uniform cooling of each cylinder 
than can be attained by direct air-cooling systems. 
With the radiator a part of the cylinder bank, plumb- 
ing will be avoided. It is even very probable that 
the cooling pump also will be unnecessary and thermo- 
siphon circulation depended upon. The _ cylinder- 
block can be well streamlined and will approach 
the wing-skin radiator in efficiency of heat dissipation. 
The familiar, but not greatly desired, exhaust carbu- 
reter-air heater will not be required, and the cooling 
liquid will supplant the lubricating oil in the manifold 
jackets. 

Effects of Higher Temperatures 


J. R. HOLMES’:—Why was the oil temperature held 
at 160 deg. fahr. during the endurance test, and how 
was this done? 

G. W. FRANK:—That was simply an arbitrary tem- 
perature. We usually hold the oil at 140 deg. in tests of 
this type with the D-12 engine. The temperature was 
controlled by means of an outside cooler. 

Mr. HOLMES:—lIn your tests on temperature rise in 
the engine, was the same amount of cooling fluid circu- 
lated in both cases, water having a rise of 20 deg. and 
Prestone 25 deg.? 

Mr. FRANK :—Probably not, although the viscosity of 
Prestone decreases with increase in temperature. The 
exact amount of Prestone circulated at 300 deg. fahr. 
is not definitely known, because we have been unable 
to calibrate the venturi at this temperature. The 
greater temperature-rise with Prestone is largely due 
to the lower specific-heat of the liquid. 

Mr. HoLMEsS :—What is the effect of the higher tem- 
perature of the cooling fluid on the soldered joints? 

Mr. FRANK :—The increased temperature had no ef- 
fect on the soldered joints of the radiator. Ordinary 
soft-soldered joints were used and no trouble has been 
experienced. Probably there is a considerable tempera- 
ture drop through the metal, so that the actual tem- 
perature of the joint is considerably lower than that of 
the liquid, and the solder is not heated sufficiently to 
lose its strength. 

Mr. HOLMES :—Have you made a comparison of ethyl- 
ene-glycol with Hydro Thermoline for fluid temperature 
on present engines at present operating temperatures? 

Mr. FRANK :—No such comparison. has been made. 

Mr. HOLMES:—Why are so many leaks encountered 
when Prestone is used in an ordinary engine that has 
functioned properly with water-cooling? 

Mr. FRANK:—The cooling-system joints must be 
tighter with Prestone than with water because of the 
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greater surface-wetting and creeping qualities of Pres- 
tone. Also, Prestone, like glycerin, tends to remove 
something from the rubber compound which causes it 
to harden. 

Mr. HOLMES:—Is 3 per cent of water recommended 
for the best mixture, and to what extent are the freez- 
ing and boiling points: affected by the addition of 
water? 

Mr. FRANK:—The 3-per cent mixture was used be- 
cause it was commercially available. The addition of 
water lowers both the boiling point and the freezing 
point of the mixture. 


High Compression-Ratio Recommended 


Mr. HOLMES:—Which is recommended for high-tem- 
perature cooling, the present compression-ratio with 
3 per cent loss in power, or a higher ratio and 12 per 
cent increase in power? If increased compression is 
used, what makes this possible without objectionable 
detonation? 

Mr. FRANK :—The higher compression-ratio is pref- 
erable, with its increased power, improved fuel con- 
sumption, and reduced jacket-heat rejection. Detona- 
tion is eliminated by use of a better ethyl gasoline with 
a highly naphthenic base. 

Mr. HOLMES:—Is the 3-per cent power-loss attrib- 
uted to volumetric losses which are great enough to 
overcome the possibilities of increased brake horse- 
power resulting from the reduction in friction horse- 
power? 

Mr. FRANK:—The 3-per cent loss in power may be 
due to decrease in volumetric efficiency, but no test has 
been made to show this definitely. 

Mr. HOLMES:—Has ethylene-glycol any tendency to 
become viscous on the radiating surface of the cooler, 
thus increasing the actual operating temperatures? 

Mr. FRANK:—No such tendency has been found. 

Mr. HOLMES:—Will the same cooling temperatures 
as at present require more metal in the radiator? 

Mr. FRANK :—It is believed that no more metal will 
be required in the radiator. 

Mr. HOLMES :—Does the heat transfer to the cooling- 
jackets fall off in greater or less ratio than the dissipa- 
tion through the radiator, with a resultant increase or 
decrease in fluid temperatures? There might be such 
an effect, as the jacket is hot and thins the liquid, 
whereas the radiator is cool and may congeal the liquid, 
causing a very viscous film on the radiating surface. 

Mr. FRANK:—No data are available to answer this 
question. 


Temperature Intermediate of Water and Air-Cooling 


Mr. HOLMES :—What advantages are to be had from 
the temperature intermediate between those for water- 
cooling and air-cooling? 

Mr. FRANK:—Operation with a cooling-liquid tem- 
perature of 300 deg. fahr. is intermediate, with the 
normal mean operating temperatures of the cylinders 
and pistons well below those in an air-cooled engine. 
The advantages are quite pronounced, in the light of 
present knowledge. High-temperature liquid-cooled en- 
gines definitely will stand more abuse. A preigniting 
spark-plug does not usually result in seizure and pos- 
sibly melting of the piston and complete wrecking of 
the engine. 

The vastly greater reserve thermal capacity of the 
liquid-cooled engine results in greatly increased sta- 





Vol. XXV 


October, 1929 No. 4 


a RR A 





342 


bility of thermal condition. In the case of the air- 
cooled engine, any condition causing overheating of the 
cylinder-barrel tends to break down the piston lubrica- 
tion, which in turn increases friction and thereby 
tends to still further heat the cylinder-wall and piston. 
The condition is that of an unstable equilibrium, in 
which seizure can and does result in the cylinder-wall 
becoming bright red-hot. No very marked rate of in- 
crease of heat transmission from the cylinder-wall to 
the cooling medium is possible with the air-cooled 
engine. In the liquid-cooled engine, a tremendously 
increased rate of heat-flow from cylinder-wall to cool- 
ant is obtainable by such increase of cylinder-wall 
temperature as to cause local boiling of the coolant. 
Provided the rate of flow of the coolant is high enough 
and turbulent enough, the vapor is swept away and re- 
condensed as fast as it is formed, with the result that 
a condition at least approximating stable thermal 
equilibrium can be said to exist, and overheating does 
not develop until seizure actually occurs. 

A further not inconsiderable advantage of the high- 
temperature liquid-cooled engine is that a single ther- 
mometer in the coolant outlet will give warning of any 
dangerous thermal condition occurring in any cylinder 
of a multi-cylinder engine. No equally satisfactory 
safeguard for an air-cooled engine has yet been 
evolved, and it is a matter of experience with air- 
cooled engines in flight that there is absolutely no 
warning in many cases of impending piston seizure. 


Oil-Coolers Ineffective to Maintain Viscosity 


Mr. HoLMEs:—Cannot air-cooling, in place of high- 
temperature liquid-cooling, be used in conjunction with 
oil-coolers to secure uniform viscosity of the lubricat- 
ing oil and avoid the ill effects of varying viscosity due 
to the use of heavy oils that are necessary without 
oil-coolers because of the high operating temperatures? 

Mr. FRANK:—wWhile the amount of heat transfer 
due to the lubricating oil within an air-cooled engine 
is relatively large, attempts to transfer large amounts 
of heat to the cooling air by heat-dissipating devices 
outside the engine have proved more or less of a fail- 
ure. It is much easier to get heat into oil than out of 
it. The oil can be largely relied upon for heat transfer 
within the engine, such as removing heat from the 
pistons and transferring it to the crankcase. External 
oil-coolers can control the temperature of the oil film 
in the bearings, but have little effect upon the film 
temperature upon the cylinder-wall. Some air-cooled 
engines run with the top of the cylinder-barrel at 400 
deg. fahr. and hotter, and the film is probably at this 
temperature at least and is little affected by the initial 
temperature of the oil when thrown upon the cylinder- 
wall. Therefore, the grade of lubricating oil necessary 
is determined by its viscosity at cylinder-wall tempera- 
tures rather than as it enters the bearings. 

Dr. S. A. Moss’:—Does the high-compression engine 
operate any better or worse with water than with 
ethylene-glycol cooling? 
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Mr. FRANK:—I believe you will find no difference. 
We have run the same engine with water and find that 
the power is about 3 per cent less with the outlet tem- 
perature at 300 deg. fahr. 

Dr. Moss:—Then ethyl is necessary with a high- 
compression engine? 

Mr. FRANK :—Yes; we use 5! cc. of ethyl fluid per 
gallon in domestic aviation gasoline for the normal- 
compression engine and 11 cc. of the fluid, containing 
about 6 cc. of lead, in California gasoline, for the high- 
compression engine. 

Dr. Moss:—Is any more ethyl required because of 
the increase in temperature? 

Mr. FRANK :—Probably there is, because of the high- 
er operating-temperature of the cylinder. 


Improved Fuel-Economy Is Impertant 


H. K. CUMMINGS':—I believe that the relative ad- 
vantage of high compression is not involved in this 
question, as the gain from high compression can be 
obtained with either high or low temperature. The 
point of chief interest is the effect of the increased 
operating temperature on the fuel economy. Figs. 13 
and 14 indicate a distinct improvement in fuel economy, 
but nothing like a 10-per cent gain. 

Mr. FRANK :—These curves are only a few represen- 
tative ones. We have found an average improvement 
of 10 per cent in specific fuel-consumption over the 
normal consumption of 0.5 lb. per hp-hr. We have 
attained a figure of 0.45 lb. with a number of engines. 
There certainly is a marked decrease in fuel consump- 
tion because of the high compression and use of the 
California fighting gasoline, which is equivalent to 
domestic aviation gasoline plus 8 cc. of lead or 5% ce. 
of ethyl fluid per gallon. 

FRED M. YOUNG’ :—Was the circulating pump changed 
when the volume of water was reduced? 

Mr. FRANK :—No, the pump was the same. 

Mr. YOUNG:—Did you use special ribbed cylinder- 
barrels? 

Mr. FRANK:—The cylinder-barrels are 
ones, which have 1%-in. ribs. 
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Why Water Is in Commercial Glycol 


LEONARD C. PRICE’:—Is the 3 per cent of water in 
commercial Prestone an accidental impurity, or is it 
included to lower the freezing point? 

Mr. FRANK :—The water is included to save the cost 
of removing it. 

Mr. YOUNG:—Will it not boil off? 

Mr. FRANK :—Yes, at a temperature above 335 deg. 
fahr. 

A MEMBER:—Ethylene-glycol was sold first without 
the water inclusion. One retailer left a bottle of it 
out over night and the bottle was broken the next morn- 
ing, as the freezing-point of pure ethylene-glycol is not 
very low. Therefore, the small amount of water was 
added to form a eutectic mixture, as mentioned in the 
paper, having a lower freezing-point. 

Mr. CUMMINGS:—The reason so little experimental 
work has been done with ethylene-glycol entirely free 
from water is that this material, like glycerin, is so 
hygroscopic that it is very difficult to prevent it from 
absorbing water from the atmosphere. 

ROBERT INSLEY”:—Apparently the performance of 
airplanes with engines cooled with ethylene-glycol is 







































































it 


st 


vs 


it 
it 
rt 


1S 


al 
ae 
30 


of 


Vol. XXV 


October, 1929 No. 4 





superior to that of airplanes with water-cooled engines, 
but have we any evidence that the performance with 
ethylene-glycol is superior to performance with radial 
air-cooled engines or with air-cooled V-engines? 


Liquid-Cooling Adds to Safety 


S. D. HERON” :—The experience of the Air Corps is 
that a high-temperature liquid-cooled engine will stand 
much more abuse than any air-cooled engine that has 
yet come under observation. As an example of the 
abuse which glycol-cooled engines will stand, a recent 
experience with a Curtiss D-12 engine having 7.3:1 
compression-ratio, operating at 300-deg. fahr. jacket 
temperature, is of interest. This engine was using 
the coldest Champion spark-plugs made, having no 
conical exposure on the porcelain, a type used in the 
most highly supercharged racing cars. From causes 
unknown, the engine pre-ignited in two cylinders, with 
the result that in these cylinders the spark-plug shells 
and the porcelains were melted, a deep segment being 
cut the full length of each insulator and molten porce- 
lain sprayed around. The sole damage resulting from 
this was to slightly stretch the exhaust valves in these 
two cylinders. In any air-cooled engine yet observed 
by the Air Corps, such pre-ignition would have resulted 
at least in the seizing and melting of the pistons in the 
offending cylinders. 

The resistance of high-temperature liquid-cooled en- 
gines to abuse is apparently due to the uniformity of 
cooling and the large reserve heat-storage capacity 
provided by the latent heat of evaporation of the 
coolant. 

The Air Corps has yet to test any air-cooled engine 
which will equal the low fuel-consumptions given by 
high-temperature liquid-cooled engines. At any given 
compression-ratio or on any given fuel used to date, 
the glycol-cooled engine has shown that it can very 
materially better the fuel consumption obtainable from 
the best air-cooled engines. 

Mr. Geisse makes certain references to the question 
of cooling in-line and V-type air-cooled engines. Virtu- 
ally all development of the modern air-cooled V-type 
engine has been either by or for the Air Corps. There- 
fore it is to be assumed that the views of Mr. Geisse 
are based upon theoretical grounds rather than practi- 
cal experience. Similar views, presumably based also 
upon supposition, have been expressed by others not 
associated with air-cooled V-engine development. The 
experience of the Air Corps is that air-cooled V-engines 
in general cool more easily than do radial engines. 
The only cooling difficulty that has ever been experi- 
enced with the air-cooled Liberty engine occurred with 
a geared engine, and was eliminated by a slight change 
in the cowling which took account of the swirl in the 
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slipstream and allowed the air to enter the V more 
freely. 

The air-cooled Liberty is the only air-cooled engine 
ever tested at the Materiel Division that would cool 
satisfactorily on the torque stands with an airplane 
propeller, all radial types needing special cooling clubs. 
Air scoops with increased frontal depth are required 
for testing air-cooled V-engines on torque stands, and 
Mr. Geisse’s ideas of the air scoops required for cool- 
ing in flight seem to be derived from illustrations 
showing the scoops used for torque-stand testing of 
air-cooled Liberty engines with two-bladed airplane 
propellers. The air scoop in all modern air-cooled V 
installations is of the same radius from the crankshaft 
center as the valve-gear housing at both front and rear. 

Whatever the twice turning of the cooling-air stream 
through a 90-deg. angle may cost in resistance seems 
to be more than made up for by the improved cooling 
obtained because all four sides of the cylinder are ex- 
posed to active, turbulent air-flow, with the result that 
all the air is utilized and less is required. In develop- 
ing the Materiel Division cowl for radial air-cooled 
engines, it was found that the most efficient cooling 
with minimum parasitic drag could be secured only 
with the aid of baffles causing a double right-angle turn 
of the cooling air. 


Miscellaneous Effects of Liquid-Cooling 


QUESTION :—What is the effect of glycol-cooling on 
oil consumption? 

Mr. FRANK:—We found substantially no difference 
in oil consumption during a number of runs lasting 
from 1 to 5 hr. each and a 50-hr. endurance test, 
between operation with water at 180 deg. and Prestone 
at 300 deg. The oil consumption in the D-12 engine 
was 0.012 lb. per hp-hr., which is normal. 

OTTO HERMANN” :—Manufacturers of air-cooled en- 
gines do not need to be alarmed. Last year Captain 
Woolson sent us home blue with the idea that every 
flying-machine would be powered with a Diesel engine 
by now; but this has not come to pass yet, and it will 
be long before anything but an air-cooled engine will 
be found that is able to stay in the air 420 hr. 

EDWARD P. WARNER’ :—Why is there such an enor- 
mous difference in the cylinder temperatures, as in- 
dicated in Fig. 5, between water-cooling and Prestone- 
cooling at the same temperature of the cooling medium? 

Mr. FRANK:—That is due to the lower specific-heat 
of the Prestone. 

H. CAMINEZ*:—Friction tests conducted by the Na- 
tional Advisory Committee for Aeronautics indicate a 
decrease of 5 per cent in friction brake mean effective 
pressure at 300 deg. fahr. This would result in better 
fuel-economy with the Prestone-cooled engine. 

Why is it possible to operate an engine at higher 
speed with Prestone-cooling than with water-cooling, 
as your results seem to indicate? 

Mr. FRANK:—It is not; we simply ran the engine 
at 2600 r.p.m. 































































































Engineers as T’eam-Workers 












By Pavut G. Horrmay’ 


UTSPOKEWN criticism of those habits of 
thought on the part of engineers which make 
amicable relations with the engineers somewhat 

difficult has been suggested to me as a means to assist 
in bringing about more team play between engineer- 
ing and sales departments. Obviously I must general- 
ize. What applies to one engineer might not to another, 
and many are absolutely above reproach in all these 
particulars. I am sure only that every engineer can 
think of a number of others against whom my criti- 
cisms might be fairly directed. 

In discussing engineers with other sales executives, 
I find it the consensus that the primary cause of mis- 
understanding between sales and engineering depart- 
ments lies in the inability of most engineers to accept 
any criticism of the product as anything other than a 
personal insult. This is easy to understand. It is a rule 
of nature that a mother shall fight for her offspring, 
and the instinct to battle when brain children are at- 
tacked is natural; but parents are taught today that 
parental love, unless controlled, is dangerous to a child’s 
development. Many a good motor-car design has been 
smothered and stunted because of too protective an at- 
titude on the part of its engineer parent. It is too 
much to expect any parent to genuinely welcome criti- 
cism of his child, but I urge you all to think of the child 
instead of yourselves. 

The next general criticism I have to offer is that 
engineers are inclined to think in terms of chassis, 
bodies and bearings; of nuts, bolts and clutches, rather 
than in terms of a complete car. They cannot see the 
forest for the trees. I realize that the chassis engi- 
neer must concentrate on chassis design, the body en- 
gineer on body design, the transmission engineer on 
transmissions, but each should keep in perspective the 
complete car as well. 

Once engineers get into the habit of thinking beyond 
their specific work, it is easy for them to get to think- 
ing beyond the car itself and of the customer who is to 
buy it. The customer has not the least concern as to 
the mechanical detail of how a result is obtained. He 
wants a smooth engine, but it is difficult to interest 
him in whether the smoothness is secured with 2 or 20 
bearings. He wants a comfortable car, but he is not 
interested particularly in what type of springing may 
be used to accomplish this. Good salesmen know that 
winning an argument may lose a sale. Engineers should 
realize that many a sale is endangered because some 
engineer won a technical argument and incorporated a 
detail of design for the gratfication of his vanity rather 
than for the benefit of the customer. 

For constructive suggestions for bringing about 
better relations between the engineering and sales de- 
partments, I can do no better than to tell of the meas- 
ures taken in our own organization. First, executives 
in the sales department sat down with engineering ex- 
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ecutives and indexed those qualities in motor-cars 
which influenced customers to part with their dollars. 
We agreed that there were seven factors of prime im- 
portance, and perfection in each of these had become 
the goal of our engineers. Their thinking has been di- 
rected toward the accomplishment of these objectives 
rather than toward the exploitation of any freakish 
design. We indexed these factors in the following 
order: character or reliability, appearance, perform- 
ance, value, comfort, economy, and safety. 

After agreement is reached as to objectives, it is nec- 
essary to establish continuing contact between the ex- 
ecutive personnel of the two departments, and this 
should not be left to chance. We try to have the prin- 
cipal men in our engineering department make a grand 
tour of America once each year. One of our engineers 
contacts with no one but sales and service personnel 
and lives in Pullman berths for three months of the 
vear. In addition, our chief engineer, chief production 
executive and general service manager make periodic 
journeys of inspection during which they contact with 
dealers and salesmen and hear directly their testimony 
as to the state of perfection of our product in each of 
the factors that affect salability. As a result of this 
conscientious effort on the part of our engineering and 
production executives to understand our sales problems 
and our equally keen desire to understand theirs, we 
find little or no occasion for misunderstanding. 

Up to this point I have avoided saying what I think 
engineers really are good for. Engineering made com- 
paratively little progress in this Country before the 
close of the Civil War. From that time until about 
1900, engineers played a part that was more important 
but was second to that of the great organizers of big- 
scale industry. But, since 1900, the workers in every 
field of engineering and research have accomplished 
things that have affected the whole tempo of life. Mo- 
bility is accepted by many as a measure of the progress 
of a nation, and ours is the most mobile nation on earth. 

In the field of motor-cars above $800 in price, I be- 
lieve that 25 per cent of our business must come 
through the process of speeding obsolescence. The busi- 
ness would go into a serious decline if our customers 
decided to keep their present cars until they are worn 
out; and that will happen unless their appetites are 
sharpened by offering more safety, more speed, more 
luxury, more convenience and more beauty and smart- 
ness of line and color. 

Fortunately, perfection is far ahead. By 1950 we 
shall have motor-cars capable of transporting passen- 
gers safely and comfortably at speeds of 100 m.p.h. or 
more. It is true that we shall need roads engineered 
for such speeds, but they will come. The place that has 
been filled by the Society of Automotive Engineers so 
ably in the past is due to be considerably enlarged dur- 
ing the next two decades. We may be encircling the 
world in one day by 1950; who knows? : 
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Present Statusof Equilibrium- Volatility 
Work at Bureau of Standards’ 


By Dr. Oscar C. BrinGeMan? 
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6 bey paper is a concluding report on that phase 
of the equilibrium-volatility work at the Bureau 
of Standards which is applicable to engine perform- 
ance as affected by vaporization in the manifold. 
New data on bubble-points are presented and an im- 
proved method is outlined for obtaining temperatures 
on specific air-vapor mixtures from the experimental 
observations. By taking into consideration the slope 
of the A.S.T.M. distillation curve, the 16-1 tempera- 
ture at any percentage evaporated from 0 to 100 per 
cent can be computed from the A.S.T.M. temperature 
with an average deviation of 1 deg. cent. (2 deg. fahr.) 
by means of simple relations which are applicable to 
pure hydrocarbons and hydrocarbon mixtures, of any 
degree of complexity, within the gasoline range. 
Values for other mixtures can be readily obtained 
from the 16-1 temperatures. 

Two alignment charts and a duplex chart, given 
and explained in the Appendix, are useful for quickly 
evaluating bubble-points, data from 0 to 90 per cent 


dergone a marked change during the last decade. 

Gravity has been gradually replaced by criteria 
of more general significance, although the former is 
still used, frequently with incorrect implications, to 
characterize fuels as to their volatility. The wide- 
spread adoption of the distillation test as standardized 
by the American Society for Testing Materials* focused 
attention on a range of values and introduced the pos- 
sibility that various narrow ranges or points might be 
related in some manner to the various conditions of use 
of the fuel in engines. 

In 1922, the Bureau of Standards was asked to co- 
operate with the automotive and petroleum industries 
in a study of the relation between fuel characteristics 
and engine performance, having in view the determina- 
tion of the significance of the A.S.T.M. distillation test 
from this standpoint or the establishment of more sat- 
_isfactory criteria. About four years ago, the work was 
split into two phases, to be conducted simultaneously 
on the same fuels, one involving engine measurements 
and the other involving volatility measurements. The 
latter work has been extended to cover a great diversity 


[ree industrial concept of fuel volatility has un- 


1 Publication approved by the Director of the Bureau of Stand- 
ards, City of Washington. 


2 Research associate, Bureau of Standards, City of Washington. 
®See United States Government Master Specification for Lubri- 


cants and Liquid Fuels, Bureau of Mines Technical Paper No. 
323B, p. 353. 

4See S.A.E. JourRNAL, April, 1928, p. 437; also S.A.E. JouRNAL 
November, 1928, p. 478; THE JOURNAL, April, 1926, p. 393, and 


TRANSACTIONS, Vol. 21, 1926, part 1, p. 56; THmp JOURNAL, August, 
1926, p. 151, and TRANSACTIONS, vol. 21, 1926, part 2, p. 182; THE 
JOURNAL, March, 1927, p. 353, and S. A. E. TRANSACTIONS, vol. 22, 
1927, part 1, p. 1; and S.A.E. JouURNAL, August, 1929, p. 137. 





evaporated, dew-points and temperatures for easy 
engine starting. 

In the discussion, a description is given of the 
method followed at the University of Michigan in 
which the equilibrium volatility is plotted with tem- 
peratures as ordinates and percentage vaporized, by 
weight, as abscissas for a particular air-fuel ratio 
supplied by the carbureter or to the equilibrium ap- 
paratus. It is recommended that the results of the 
volatility-data study be printed in detail in pamphlet 
form for distribution, and the author of the paper 
says that this is now under consideration. It is stated 
by one of the discussers that fuel volatility comes first, 
mixture-distribution second, and then combustion- 
chamber design. After determining the fuel volatility, 
the first part of the engine design relates to inductance 
of the fuel, because the entire power of the engine 
depends upon its ability to breathe in and burn that 
fuel. Supplying constant intake temperature as a 
carburization means, using oil, is discussed also. 


of fuels and has been successful in leading to a definite 
interpretation of the A.S.T.M. distillation curve’. 

The purpose of the present report is to summarize 
the information obtained in this study of volatility at 
the Bureau of Standards and to point out its bearing 
on the general problem. 


General Considerations 


When a fuel is used in the engine, there are two 
parts of the fuel system in which volatility is of inter- 
est in connection with performance. These may be 
characterized as the liquid feed system, including 
everything up to the carbureter jet, and the induction 
system, in which the fuel is in contact with air. In 
the former, volatility is connected with vapor locking 
tendency; whereas, in the latter, volatility is linked 
with starting, acceleration and crankcase dilution. In 
both of these cases, the volatility is dependent to a 
greater or less extent upon the individual character- 
istics of each engine and equipment and upon the con- 
ditions of use. No work has been authorized on the 
volatility of fuels in the feed system and its relation to 
the important problem of vapor lock, although some 
vapor pressure data have been obtained which are per- 
tinent to this problem. All of the work has been done 
on vaporization in the presence of air such as occurs 
in the induction system. Because vaporization under 
such conditions is specific for each type of equipment, 
the first step in the study of the volatility should be of 
such a nature that the results are of general applica- 
bility and independent of the particular conditions ex- 
isting in any one induction system. Data so obtained 
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would represent limiting values which are approached 
with different degrees of proximity by different sys- 
tems, and would furnish the fundamental information 
necessary for an intelligent investigation of the vola- 
tility under actual operating conditions. All of the 
volatility work has been confined to this first step in 
the study of vaporization in the presence of air and, 
until a study of the application of these data to actual 
systems is undertaken, the somewhat plausible assump- 
tion is necessary that the order of the volatilities of a 
series of fuels under equilibrium conditions is un- 
changed in any engine induction system under condi- 
tions of operation. 


Theoretical! Discussion 


Volatility is a measure of the tendency of a substance 
to evaporate or to change from liquid to vapor under 
given conditions. It is one of the fundamental prop- 
erties of a substance. Although commonly expressed 
in terms of vapor pressures, it can equally well be 
expressed in terms of other variables, such as tempera- 
tures corresponding to various mixture ratios with air 
at a given total pressure. With a one-component sys- 
tem like water, the volatility at any given temperature 
will be the same regardless of the amount of water 
which evaporates. When more than one component is 
present, this will no longer be true since the more vola- 
tile constituent or constituents will evaporate more 
readily, leaving the residual liquid less and less volatile 
as evaporation progresses. With a substance like gaso- 
line, containing possibly 100 or more hydrocarbons, the 
change in volatility with percentage evaporated is very 
marked. Hence, with gasolines and similar fuels, the 


5See Transactions of the Connecticut Academy of Science, vol. 
3, 1876, p. 228. 


TABLE 1—DESCRIPTION OF FUELS 


Fuel No. Source Composition 
1, 2,3 Atlantic Refining Co. Straight run 7 
1A,2A, Atlantic Refining Co. Special blends for starting 
3A,4A tests 
A Bureau of Standards ue. motor 
B Army Air Corps Domestic aviation 
Cc Bureau of Standards Equal parts A and B 
D,E,F The Texas Co. Special blends for accel- 
eration tests 
RH Vacuum Oil Co. Grozny crude 
L Standard Oil Co. of N. J. Laurel Oil 
6 Bureau of Standards U. S. Motor 
G Bureau of Standards Fuel 6, 60 per cent; motor 
benzol, 40 per cent 
H Bureau of Standards Fuel A, 80 per cent; ben- 
zene, 20 per cent 
I Bureau of Standards Fuel A, 60 per cent; ben- 
zene, 40 per cent 
RPC Midcontinent crude 
S k crud 
, ] Universal Oil Products Co., ae et Pang 
N cracked by Dubbs process California crude 
oO .Wyoming crude 
M Bureau of Standards Fuel A, 80 per cent; kero- 
sene, 20 per cent 
B: Army Air Corps Domestic aviation 
101 Naturaline Co. of America Natural gasoline aviation 
fuel 
111 Phillips Petroleum Co. Natural gasoline aviation 
fuel 
121 Virginian Gasoline & Oil Co. Natural gasoline aviation 
fuel 
2 375-deg. 
End-Point 
Natural Cracked 
Gasoline Gasoline 
S1 12 per cent 88 per cent 
S2 16 per cent 84 per cent 
y 22 per cent 78 per cent 
a Shell Petroleum Corp. | 26 a cont 74 ood pce 
85 | 32 per cent 68 per cent 
S6 (52 per cent 48 per cent 
Ethyl Ether Fuel B$ 
EB1 25 per cent 75 per cent 
EB2 Bureau of Standards 50 per cent 50 per cent 
EB3 75 per cent 25 per cent 
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TABLE 2—VOLATILITY IDENTIFICATION DATA ON FUELS 
A.S.T.M, Temperatures, Corrected for Distillation Loss 





10 Per Cent 50 Per Cent 90 Per Cent 
= M!M oa HS ay 

Fuel Deg. Deg. Deg. Deg. Deg. Deg. 
No. Cent. Fahr. Cent. Fahr. Cent. Fahr. 
1 114 237 155 311 199 390 
2 62 144 111 232 195 383 
8 91 196 158 316 197 387 
1A 80 176 139 282 195 383 
2A 84 183 139 282 195 383 
SA 93 199 140 284 193 379 
4A 90 194 140 284 186 367 
A 75 167 135 75 196 385 
B 63 145 101 214 132 270 
Cc 69 156 115 239 174 345 
D 89 192 122 252 200 392 
E 84 183 137 279 199 390 
F 72 162 163 325 198 388 
RH 85 195 126 259 168 334 
L 117 243 126 259 152 306 
6 92 198 139 282 190 374 
G 86 187 107 225 178 352 
H 73 163 113 235 186 367 
I 76 169 94 201 177 351 
RPC 66 151 134 273 198 388 
J 54 129 135 275 207 405 
KE 65 149 122 252 176 349 
N 96 205 150 302 204 399 
Oo 82 180 147 297 200 392 
M 89 192 152 306 222 432 
Bs 65 149 105 221 148 296 
101 42 108 61 142 106 223 
111 53 127 70 158 115 239 
121 2 162 79 174 110 230 
S1 64 147 115 239 165 329 
S2 64 147 114 237 166 331 
83 60 140 104 219 161 322 
S4 54 129 103 217 161 322 
S5 52 126 99 210 159 318 
S6 44 111 86 187 154 309 
EB1 46 115 83 181 128 262 
EB2 40 104 53 127 124 255 
EBS3 36 97 40 104 112 234 


conditions under which the volatility is measured must 
be carefully specified. As used in all of the work herein 
reported, the volatility of a fuel is represented by the 
temperature at which a given air-vapor mixture will 
be formed under equilibrium conditions at a pressure 
of one atmosphere from any mixture of liquid fuel and 
air supplied when a given percentage is evaporated. A 
16-1 air-vapor mixture is used as a standard of refer- 
ence in this report since it is essentially the leanest 
mixture which it is feasible to employ in the engine. 
Values for other mixtures can readily be obtained from 
the temperatures corresponding to 16-1 mixtures. In 
accordance with previous usage, the temperatures at 0 
per cent evaporated are called bubble-points and at 100 
per cent evaporated are called dew-points. At every 
intermediate percentage on any air-vapor line, there 
will be a corresponding temperature. 

All of the volatility data apply to equilibrium condi- 
tions and as such are functions only of the thermo- 
dynamic systems being investigated, being independent 
of the apparatus used. Under these conditions of 
equilibrium vaporization, if the composition of all of 
the fuels investigated were known, an extensive theo- 
retical correlation of the data would be possible on the 


basis of the relations deduced by Willard Gibbs‘ in 1876, . 


whose work is almost entirely responsible for our pres- 
ent knowledge of the scientific principles underlying 
equilibrium vaporization. However, since it is almost 
hopeless to attempt the analysis of any gasoline other 
than the very volatile natural gasolines of comparative- 
ly simple composition, the assumption was made that 
the A.S.T.M. distillation curves of the gasolines were 
sufficiently characteristic to make unnecessary any 
specific knowledge of the composition. 


Formulation of Data 


For the reasons given above, all of the volatility data 
were referred to appropriate A.S.T.M. temperatures, 
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Fig. 1—MOLECULAR WEIGHTS FOR FUEL A 


leading to remarkably consistent relations and verify- 
ing the rationality of the above-mentioned assumption. 
The bubble points were found to be related to the 
A.S.T.M. 10-per cent temperatures and the dew points 
to the A.S.T.M. 90-per cent temperatures. At each in- 
termediate percentage evaporated, from 10 per cent to 
90 per cent, the equilibrium-air-distillation data were 
related to the corresponding A.S.T.M. points. In these 
relations high accuracy was obtained by taking into 
consideration the effects of temperature and slope of 
the A.S.T.M. curve on the values of the ratios 
Tastm/T pap and by correcting all A.S.T.M. tem- 
peratures for distillation loss. 

The three phases of the work will be treated separate- 
ly in the order of (A) bubble points; (B) equilibrium- 
air-distillation data at intermediate percentages evapo- 
rated; and (C) dew points. 

A description of the fuels on which data are pre- 
sented is given in Table 1 compiled from previous re- 
ports. Since the specification data are available in 
these reports’, it seems unnecessary to repeat them 
herein. However, it does appear worth while to list 
the A.S.T.M. 10, 50 and 90 per cent temperatures, cor- 
rected for loss, since these in essence are sufficient to 
characterize the volatility of the fuels. The A.S.T.M. 
data at these three points are given in Table 2. 


(A) Bubble Points 


When the curve representing any given air-vapor 
mixture is extrapolated back to cut the line of 0 per 
cent evaporated, the point of intersection represents the 
limiting temperature below which this given mixture 
cannot be formed, and is herein called the bubble-point 
of that particular mixture. In general, the determina- 
tion of bubble-points of air-vapor mixtures by extra- 
polation from the equilibrium-air-distillation curves is 
not feasible due to increasing curvature at smaller per- 
centages evaporated. Bubble-points may, however, be 
computed from a knowledge of the limiting vapor pres- 
sures at 0 per cent evaporated over a range of tempera- 
tures and from the molecular weights of the vapors in 





®See THE JOURNAL, April, 1926, p. 393; August, 1926, p. 151; 
March, 1927, p. 353: and S.A.E. JOURNAL, April, 1928, p. 437; 
November, 1928, p. 478; and August, 1929, p. 137. 


the small bubbles present during the vapor-pressure 
measurements. This was the method adopted, and ac- 
cordingly the molecular weights of the vapors present 
in the small bubbles were evaluated in the case of five 
gasolines. Since it would be very difficult to obtain 
these values directly, an indirect method of sufficient 
accuracy was employed. 

Various supplied mixtures of each gasoline were run 
through the equilibrium-air-distillation apparatus at 
temperatures which would give definite percentages 
evaporated and form in each case a 16-1 resultant air- 
vapor mixture. The residues were collected and molecu- 
lar weight determinations made on each. From these 
values, the molecular weights of the vapors were com- 
puted at various percentages evaporated, making pos- 
sible their evaluation at any extremely small percentage 
such as was the case with a small bubble present in the 
vapor pressure measurements. 

Since the number of mols of gasoline in the residue 
plus those in the resultant mixture at any percentage 
evaporated are necessarily equal to the number of mols 
of gasoline supplied, it follows that 


100—P  P__100 
ML My Mr 


where P is the percentage evaporated,andM, My and 
M 7 are the molecular weights respectively of the gaso- 
line in the residual liquid, of the vapor and of the origi- 
nal gasoline. Rearranging equation (1), it becomes 
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Fic. 2—EFFECT OF SLOPE AT 10-PER CENT POINT ON 
BUBBLE-POINT 


Lines in the Upper Group Are American Society for Testing 
Materials Curves ; Those in the Lower Group are 16-1 Equilibrium- 
Air-Distillation Curves 
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Fic. 3—DIFFERENCES BETWEEN TEMPERATURES FOR 16-1 
AND OTHER MIXTURES 


This Chart Gives Correction Constants for Obtaining Information 
on Other Mixtures from 16-1 Curves 
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where AM =M,—M,._ For each value of M_,, the 


corresponding value for My was computed by means of 
relation (2), and these data were plotted against the 
percentage evaporated. The extrapolated value at 0 
per cent evaporated is the desired molecular weight of 
the vapor. 

The molecular-weight curves for liquid residue and 
vapor obtained for fuel A are shown in Fig. 1. On the 
liquid curve, the value at 0 per cent is the molecular 
weight of the original gasoline; whereas, on the vapor 
curve at 100 per cent evaporated, the molecular weight 
has the same value. This method is not highly accu- 
rate; but it is sufficiently accurate, since a variation of 
a few units in the molecular weight does not affect the 
, evaluation of the bubble point to any appreciable ex- 
tent. The molecular weights of the vapors obtained in 
the above manner for the five gasolines are shown in 
Table 3. 

For any mixture of air and fuel vapor, the assump- 
tion of the perfect gas laws leads to the relation 


—. ; My ° 
Dr =1+M(57) (3) 
where p is the vapor pressure of the fuel in millimeters 
of mercury, M is the mixture ratio, and My and M, are 
the molecular weights of the fuel vapor and air respec- 
tively. From this relation, the vapor pressure of the 
gasoline corresponding to a 16-1 mixture was com- 
puted for each of the five gasolines, using the molecular 
weights of the vapors found above and taking the 
molecular weight of airM, equal to 28.96. In a recent 
report’, it was shown that the vapor-pressure data on 
each gasoline studied could be accurately reproduced 
by an equation of the form 





7See S.A.E. JourNAt, May, 1929, p. 488. 








where JT is the temperature in degrees absolute cor- 
responding to the vapor pressure pr, Typp is the nor- 
mal bubble-point in degrees absolute, and A is a specific 
constant evaluated from the data on each fuel. 

Using the values of pp» from equation (3) and the ex- 
perimental values of A on the same gasolines, the ratio 
T ~pp/T gp, was computed by means of relation (4) in 
each case. It was further shown in the last report that 
Tupp = T 10 percent ASTM 80 that the above values are 
identical with the ratios T 10 per cent AsTM/T BP. These 
latter ratios are listed in Table 3 as observed values. It 
was found that the ratios could be reproduced by means 
of the equation 


_ Ti0 per_ cent ASTM _ 1.5 ' C ; (5) 
T BP 1. Fae 





where C is a number which depends upon the slope S 
of the A.S.T.M. curve at the 10-per cent point. The 
relation between C and S is as follows: 


C= —10VS + 39 (6) 


The values of the ratio designated in Table 3 as cal- 
culated were obtained from equations (5) and (6). 
These equations hold for pure hydrocarbons and should 
apply with equal accuracy to gasolines of any com- 
plexity. The effect of slope of the A.S.T.M. curve 
on the bubble-point is illustrated in Fig. 2. The three 
fuels have the same 10-per cent point, but the slope 
varies from 0 to 5.0. The fuel with the greatest slope 
has a bubble-point 14 deg. cent. (25 deg. fahr.) lower 
than the pure hydrocarbon with zero slope. 

The bubble-point of mixtures other than 16-1 can be 
obtained from the 16-1 temperatures by addition or 
subtraction of appropriate values. An 8-1 mixture will 
have a value 13 deg. cent. (23 deg. fahr.) higher; a 
12-1 mixture will be 5 deg. cent. (9 deg. fahr.) higher; 
a 20-1 mixture will be 4 deg. cent. (7 deg. fahr.) 
lower. These differences are quite general and are 
read from Fig. 3, which will be described in detail be- 
low. 


40 - y r y y r r r . —|04 


30} 





t 
7 ale 
a 7] 
e'. Pd 
vo 10} 
or) 
mo @ 
10) Ss 
7 o 
tL 
v ~ 
= oe 
= ' 6 
6 -|0} = 
< wv 
oD | cj 
v | ~ 
oO. +5 - E 
E ae | = 
ev ' 


304050607080 90 100° 
Fuel Evaporated , per cent 


0 10 2. 


Fig. 4—CURVE FOR 16-1 MIXTURE OF FUEL S3 
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TABLE 3—EVALUATION OF T10 percent ASTM /T BP, FROM 
MOLECULAR-WEIGHT DATA 


Molecular Con- 
Weight stant T10 percent ASTM/TBP x Slope 
Fuel of Vapor (A) Observed Calculated (S) 
A 68 3.87 1.410 1.414 3.0 
B 68 3.97 1.400 1.400 $4 
C 68 3.96 1.401 1.402 232 
J 66 3.84 1.408 1.402 2.5 
M 76 3.96 1.409 1.410 2.5 


(B) Equilibrium-Air-Distillation Data at Intermediate 
Percentages Evaporated 


In the previous treatment of the equilibrium-air- 
distillation results, the data were expressed in the form 
of temperature ratios between the A.S.T.M. curves and 
the equilibrium-air-distillation curves for various air- 
vapor mixtures at every 10 per cent evaporated, from 
10 to 90 per cent inclusive. At each such percentage 
evaporated, the ratios were practically constant, al- 
though occasional discrepancies appeared. A closer 
study indicated that the ratios were a little different 
when a U. S. motor gasoline was compared with an 
aviation gasoline, for example, thus suggesting a de- 
pendence upon the distillation temperature. Further, 
gasolines with flat distillation curves gave somewhat 
different ratios than those with steep distillation curves, 
indicating the effect of slope of the A.S.T.M. curve. 
Accordingly, a more accurate correlation of the equilib- 
rium-air-distillation data was attempted. 

The method formerly used for obtaining the resultant 
mixture lines from the observed data of mixture sup- 
plied, percentage evaporated and temperature con- 
sisted in drawing smooth lines through the points for 
each supplied mixture and then evaluating on these 
lines the points corresponding to the desired resultant 
mixtures by means of the relation 


— 
where Mp is the resultant mixture, Mg is the supplied 
mixture and P is the percentage evaporated. Smooth 
curves were then put through these points on the re- 
sultant air-vapor lines. While this method was fairly 
satisfactory, it was considered desirable to develop one 
in which all of the points would be considered simul- 
taneously in drawing any one line, thereby increasing 
the accuracy. Inspection of the original curves for the 
entire set of data showed that the difference in tempera- 
tures directly. An example of such a curve is shown in 
Fig. 4 for Fuel S3. The value at 0 per cent evaporated 
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F1G. 6—EFFECT OF SLOPE ON 16-1 TEMPERATURES AT 10, 
50 AND 90 PER CENT EVAPORATED 
Lines in the Upper Group Are American Society for Testing Ma- 


terials Curves; Those in the Lower Group Are 16-1 Equilibrium- 
Air-Distillation Curves 


from 10 to 90 per cent and for every gasoline studied, 
the average deviation from constancy being consider- 
ably less than 1 deg. cent. (2 deg. fahr.). These dif- 
ferences also checked those along the dew-point and 
bubble-point lines. 

The differences in temperature between the various 
resultant mixtures are shown in Fig. 3, referred to 
a 16-1 mixture as standard. From this figure the tem- 
perature at any desired mixture can be obtained if the 
value for a 16-1 mixture at the same percentage evapo- 
rated is known, or vice versa. This simplification made 
it possible to transform all of the data on any one 
gasoline to temperatures along a 16-1 resultant line. 
Thus, for each experimental value of Mg and P, the 
value of Mp was computed from equation (7); and, by 
means of the curve in Fig. 3, the temperature was cor- 
rected to the value corresponding to the 16-1 resultant 
mixture at the same percentage evaporated. The best 
line through these plotted points gave the 16-1 tempera- 
tures directly. An example of such a curve is shown in 
Fig. 4, for Fuel S3. The value at 0 per cent evaporated 
was obtained in each case from the A.S.T.M. 10-per 
cent point, using equations (5) and (6). Similar curves 
were drawn for each of the 38 fuels, and the tempera- 
tures at every 10 per cent evaporated from 10 to 90 
per cent were read from these curves. 

Since the temperature ratios T 4,7, /T, appeared to 
be affected by the slope of the A.S.T.M. curve, their re- 
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TABLE 4—COMPARISON OF OBSERVED AND CALCULATED TEMPER- 
ATURE RATIOS FOR 16-1 MIXTURES 
Per Cent 





cig acacia agen ee = - ne \ 

Fuel 10 20 30 40 50 60 70 80 90 
1* 1.344 1.348 1.355 1.365 1.372 1.383 1.390 1.407 1.439 
1.339 1.348 1.359 1.365 1.372 1.383 1.390 1.407 1.448 

2 1.824 1.322 1.329 1.342 1.362 1.386 1.407 1.427 1.467 
1.319 1.326 1.333 1.342 1.357 1.872 1.394 1.418 1.454 

$ 1.314 1.340 1.358 1.370 1.377 1.385 1.396 1.412 1.442 
1.320 1.340 1.358 1.366 1.377 1.385 1.393 1.408 1.446 

4A 1.318 1.341 1.354 1.365 1.373 1.383 1.395 1.414 1.454 
1.318 1.337 1.348 1.356 1.369 1.383 1.395 1.414 1.458 

2A 1.313 1.341 1.350 1.355 1.364 1.379 1.395 1.414 1.454 
1.318 1.341 1.350 1.355 1.369 1.383 1.395 1.414 1.458 

$A 1.335 1.350 1.355 1.361 1.368 1.381 1.395 1.414 1.451 
1.327 1.346 1.351 1.357 1.872 1.381 1.395 1.410 1.455 

44 1.320 1.348 1.358 1.368 1.368 1.383 1.396 1.414 1.444 
1.320 1.344 1.353 1.360 1.372 1.383 1.392 1.405 1.453 

A 1.314 1.331 1.837 1.355 1.369 1.381 1.404 1.421 1.456 
1.314 1.331 1.342 1.355 1.369 1.377 1.396 1.417 1.452 

B 1.312 1.325 1.338 1.349 1.365 1.371 1.384 1.394 1.426 
1.812 1.325 1.338 1.349 1.855 1.362 1.375 1.389 1.426 

C 1.316 1.330 1.336 1.344 1.357 1.370 1.384 1.413 1.460 
1.316 1.330 1.341 1.349 1.361 1.370 1.384 1.413 1.460 

D 1.317 1.334 1.344 1.351 1.363 1.366 1.370 (1.385) 1.487 
1.321 1.339 1.349 1.355 1.363 1.370 1.383 (1.418) 1.487 

E 1.318 1.330 1.341 1.356 1.367 1.376 1.394 1.421 1.457 
1.318 1.335 1.350 1.360 1.367 1.376 1.394 1.417 1.457 

F 1.312 1.322 1.338 1.362 1.384 1.398 1.400 1.409 1.436 
1.307 1.331 1.346 1.362 1.380 1.385 1.391 1.405 1.445 

RH 1.326 1.338 1.345 1.353 1.362 1.370 1.386 1.401 1.436 
1.326 1.338 1.345 1.353 1.362 1.375 1.382 1.406 1.445 

ZL 1.345 1.345 1.346 1.352 1.357 1.366 1.375 1.395 1.426 
1.349 1.355 1.355 1.8361 1.361 1.370 1.375 1.395 1.436 

6 1.313 1.330 1.340 1.359 1.374 1.384 1.398 1.414 1.448 
1.327 1.339 1.345 1.364 1.369 1.379 1.389 1.410 1.452 

G 1.325 1.334 1.338 1.346 1.352 1.365 1.389 1.427 1.469 
1.329 1.338 1.343 1.350 1.357 1.365 1.389 1.414 1.460 

H 1.821 1.329 1.329 1.330 1.345 1.365 1.390 1.424 1.457 
1.316 1.334 1.343 1.344 1.359 1.375 1.395 1.415 1.453 

I 1.326 1.330 1.340 1.345 1.345 1.355 1.381 1.419 1.470 
1.322 1.335 1.340 1.345 1.349 1.360 1.385 1.419 1.461 
RPC 1.314 1.320 1.332 1.343 1.356 1.368 1.390 1.416 1.445 
1.314 1.330 1.336 1.347 1.365 1.377 1.394 1.416 1.449 

J 1.303 1.316 1.326 1.349 1.365 1.388 1.406 1.428 1.450 
1.393 1.82} 1.340 1.349 1.369 1.379 1.402 1.415 1.446 

m 2eae (NSS 1.339 1.352 1.362 1.371 1.389 1.409 1.444 
1.310 337 1.339 1.352 1.362 1.371 1.385 1.409 1.444 

N 1.318 1.331 1.346 1.353 1.360 1.374 1.388 1.410 1.436 
1.327 1.340 1.351 1.357 1.374 1.378 1.397 1.414 1.441 

O 1.310 1.320 1.335 1.349 1.364 1.379 1.394 1.412 1.429 
1.315 1.335 1.349 1.354 1.373 1.384 1.398 1.408 1.438 

M 1.316 1.325 (1.335) 1.351 1.367 1.377 1.398 1.422 1.456 
1.320 1.339 (1.348) 1.355 1.371 1.381 1.398 1.422 1.465 

Bs 1.310 1.326 1.341 1.355 1.361 1.369 1.381 1.405 1.437 
1.306 1.326 1.337 1.346 1.361 1.369 1.381 1.405 1.441 

101 1.318 1.322 1.328 1.328 1.341 1.353 1.372 1.397 1.441 
1.312 1.322 1.322 1.332 1.341 1.353 1.368 1.393 1.441 

111 1.320 1.321 1.326 1.332 1.346 1.362 1.380 1.406 1.448 
1.320 1.320 1.332 1.337 1.346 1.356 1.371 1.392 1.442 

121 1.332 1.334 1.337 1.340 1.344 1.350 1.359 1.379 1.425 
1.328 1.334 1.341 1.340 1.344 1.350 1.364 1.385 1.439 

81 1.306 1.322 1.335 1.341 1.356 1.375 1.389 1.414 1.440 
1.310 1.822 1.339 1.345 1.360 1.371 1.389 1.410 1.436 

S2 1.306 1.323 1.332 1.348 1.362 1.376 1.394 1.418 1.444 
1.310 1.323 1.332 1.348 1.362 1.372 1.390 1.409 1.444 

S$ 1.310 1.320 1.331 1.344 1.351 1.370 1.386 1.410 1.442 
1.310 1.326 1.337 1.344 1.347 1.370 1.382 1.406 1.442 

S$ 1.308 1.316 1.327 1.340 1.356 1.368 1.392 1.415 1.447 
1.312 1.322 1.332 1.840 1.852 1.368 1.388 1.411 1.461 

8§ 1.8315 1.312 1.319 1.335 1.357 1.372 1.393 1.412 1.450 
1.311 1.318 1.330 1.339 1.348 1.363 1.389 1.408 1.450 

S86 1.305 1.311 1.326 1.343 1.355 1.373 1.388 1.417 1.457 
1.309 1.317 1.326 1.343 1.346 1.364 1.384 1.408 1.453 
2B11.313 1.321 1.324 1.341 1.364 1.375 1.387 1.399 1.426 
1.313 1.321 1.324 1.331 1.348 1.360 1.372 1.389 1.433 
EB2 1.315 1.322 1.325 1.326 1.336 1.350 1.394 (1.416) 1.444 
1.315 1.3822 1.325 1.326 1.336 1.350 .377 (1.395) 1.439 
EB3 1.315 1.319 1.323 1.327 1.327 1.335 1.841 1.370 1.458 
1.314 1.319 1.323 1.327 1.331 1.335 1.341 1.374 1.458 





*# The upper row of figures for each fuel is the observed ratio ; 
the lower row, the calculated. 


lationship was investigated. It seemed apparent that, 
in the limiting case of zero slope, the ratios would corre- 





8See S.A.E. JOURNAL, April, 1928, p. 437; also S.A.E. JourNaL, 
November, 1928, p. 478; THe JOURNAL, April, 1926, p. 393, and 
TRANSACTIONS, vol. 21, 1926, part 1, p. 56; THe JouRNAL, August, 
1926, p. 151, and TRANSACTIONS, vol. 21, 1926, part 2, p. 182; 


THE JOURNAL, March, 1927, p. 353, and S.A.E. TRANSACTIONS, vol. 
22, 1927, part 1, p. 1. 





spond to those for the individual pure hydrocarbons. 
Accordingly the ratios for these compounds were com- 
puted from their known molecular weights and from 
the available vapor-pressure data in the literature. The 
values are plotted in Fig. 5 against the reciprocals of 
their boiling points expressed in degrees absolute. It 
is seen that a straight line reproduces the points very 
closely. The equation of this line is of the same form 
as relation (5) 





TNBP - C 
Dre ‘ " T x6 (8) 
where, for pure hydrocarbons, the value of C is equal 
to 39. It was therefore assumed that all of the tem- 
perature ratios between the A.S.T.M. and 16-1 re- 
sultant curves could be expressed in the same general 
form as (5) and (8), the value of C being a function 
of the slope of the A.S.T.M. distillation curve and re- 
ducing to 39 when the slope becomes zero. 
Analytical treatment of all the equilibrium-air-dis- 
tillation data from this standpoint showed that C could 
be expressed by means of the relation 


C= + V (460S) log 20" |+ 39 (9) 


where S is the slope and P is the percentage evaporated. 
When S = 0, the first term drops out, leaving C = 39, 
regardless of the percentage evaporated. When P = 50, 
the first term again drops out, leaving C= 39, this time 
independent of the slope. This interesting deduction 
from equation (9) appears to be accurately substanti- 
ated by the experimental data, namely, that with re- 
spect to temperature ratios for mixtures from 8-1 to 
20-1 along a line of 50 per cent evaporated, a gasoline 
behaves as if it were a pure hydrocarbon with a boiling 
point equal to the A.S.T.M. 50-per cent point. 

The slopes of the A.S.T.M. curve at every 10 per cent 
evaporated, from 10 per cent to 90 per cent, was ob- 
tained for each fuel, and Tyg7y, /T,, was computed for 
every value according to relations (5) and (9). These 
computed ratios are shown in Table 4 where a compari- 
son is made with the ratios obtained from the experi- 
mental equilibrium air-distillation data. The agree- 
ment is remarkably good, and the relations hold equally 
well for all types of diverse fuels. It is interesting to 
note that equation (8), with C = 39, holds for ethyl 
ether, and that equations (5) and (9) reproduce the 
data on the ether blends as well as on the benzene 
blends and gasolines. Some of the ratios in Table 4 
show minor changes from those previously reported’, 
due to a knowledge of the intercept at 0 per cent evapo- 
rated and to the improved method of obtaining the 16-1 
resultant-mixture lines from the observed measure- 
ments. 

The distribution of temperature deviations between 
observed and computed values is as follows: 


———- Deviation —— Percentage 





Deg. Cent Deg. Fahr. No. of Points of Points 
>3 >5 3 0.9 
3 5 22 6.4 
2 4 50 14.6 
1 2 150 43.9 
0 0 117 34.2 
Total 342 100.0 


Grand average deviation = 1.0 deg. cent. (1.8 deg. fahr.) 
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TABLE 5—DEW-POINT DATA FOR 16-1 MIXTURES 


Difference 
Between 
Observed 

and Calculated 

Temperature 

T90 per cent ASTM /T DP..-——~— 

Fuel 90 Per Cent eM! Det. Deg. 

No. Point Slope Observed Calculated Cent Fahr. 
1 199 3.1 1.422 1.426 1 2 
2 195 2.4 1.423 1.427 1 2 
8 197 2.1 1.429 1.425 —l —2 
1A 195 2.8 1.431 1.431 0 0 
2A 195 2.7 1.436 1.431 —41 —2 
$A 193 2.4 1.430 1.426 —1 2 
5A 186 23 1.426 1.426 0 0 
A 196 2.3 1.426 1.426 0 0 
B 132 a7 1.411 1.406 —1 2 
C 174 3.2 1.428 1.428 0 0 
D 200 5.4 1.434 1.447 3 5 
E 199 2.4 1.426 1.426 0 0 
F 198 2.0 1.428 1.424 ---1 —2 
RH 168 2.2 1.423 1.419 —-1 —2 
L 152 1.8 1.417 1.417 0 0 
6 190 2.5 1.420 1.424 | 2 
G 178 3.2 1.423 1.432 2 4 
H 186 2.5 1.421 1.425 1 2 
177 3.4 1.420 1.429 2 4 
RPC 198 2.2 1.419 1.423 1 2 
207 2.0 1.420 1.424 1 2 
K 176 2.2 1.425 1.421 —-1 ~-2 
N 204 B® | 1.415 1.419 1 2 
O 200  e 1.408 1.420 3 5 
M 222 3.0 1.423 1.435 3 5 
B3 148 2.0 1.418 1.418 0 0 
101 106 2.5 1.409 1.409 0 0 
111 115 2.5 1.416 1.411 —-1 —2 
121 110 2.3 1.408 1.408 0 0 
81 165 1.7 1.422 1.413 —2 4 
S2 166 1.8 1.425 1.416 —2 —-4 
S83 161 2.0 1.414 1.418 1 2 
S4 161 2.4 1.418 1.423 1 2 
S5 159 2.5 1.421 1.421 0 0 
S6 154 2.8 1.419 1.423 1 2 
EB1 128 1.8 1.417 1.407 —2 —-4 
EB2 124 2.1 1.413 1.413 0 0 
EB3 112 3.8 1.410 1.420 2 a 

Grand Average Deviation=1.0 1.8 


About 78 per cent of the points show deviations less 
than 2 deg. cent. (4 deg. fahr.). Of the three points 
which show deviations greater than 3 deg. cent. (5 deg. 
fahr.), two amounted to 4 deg. cént. (7 deg. fahr.), and 
the other to 7 deg. cent. (13 deg. fahr.). It is believed 
that the two deviations at these three points are without 
significance, being attributable to experimental error, 
and for this reason the ratios are shown in Table 4 in 
parentheses. 

Thus it appears that the equilibrium-air-distillation 
data for a 16-1 mixture can be computed from the 
A.S.T.M. curves between 10 and 90 per cent evaporated 
with an average deviation of 1 deg. cent. (2 deg. fahr.) 
regardless of the shape of the A.S.T.M. curves. This 
work shows quite conclusively that all points on the 
A.S.T.M. curve between 10 and 90 per cent evaporated 
have significance, with special attributes attached to the 
10, 50 and 90-per cent points. Data for mixtures other 
than 16-1 can be obtained readily from the 16-1 values 
by adding or subtracting the appropriate value read 
from the curve in Fig. 3. 

The effect of slope of the A.S.T.M. curves at the 10, 
50 and 90-per cent points on the temperatures of 16-1 
resultant mixtures is shown in Fig. 6 for three hypo- 
thetical fuels which have identical A.S.T.M. temper- 
atures at these three points. At the 10-per cent point, 
fuel I, with the largest slope, shows a 16-1 temperature 
6 deg. cent. (11 deg. fahr.) higher than fuel JJI, with 
the smallest slope; at the 50-per cent point, all three 
fuels have the same 16-1 temperature regardless of 
the slope; and at 90 per cent, fuel J, with the largest 
slope, shows a 16-1 temperature 15 deg. cent. (27 deg. 
fahr.) lower than fuel JIJ, with the smallest slope. 





®*See S.A.E. JouRNAL, November, 1928, p. 478. 
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(C) Dew-Points 


The data on the dew-points of gasolines have been 
covered extensively in a previous report’ on that phase 
of the work, and additional results on a number of 
gasolines were presented in connection with the in- 
vestigation of volatile fuels at temperatures below 0 
deg. cent. (32 deg. fahr.). The general conclusion 
from this work is that the A.S.T.M. 90-per cent temper- 
ature is adequate to give the desired information, and 
this conclusion is supported by experimental data on a 
large variety of fuels. 

In the previous treatment, the dew-points were related 
to the A.S.T.M. 90-per cent temperatures in the form 
of ratios which were found to be constant within about 
0.006, or equivalent to an average deviation from con- 
stancy of approximately 2 deg. cent. (4 deg. fahr.). 
A closer study showed that a somewhat more accurate 
correlation could be effected by taking into consider- 
ation the slope of the A.S.T.M. curve at the 90-per cent 
point. It was found that relations of the same general 
type as has been employed throughout this report could 
be used for 16-1 dew-points, so that 








T'90 per cent ASTM _ 15 — C 10 
T DP ‘ T DP x. ( ) 
where C = —10 vy S + 39. 


Equation (10) holds for pure hydrocarbons and for 
all of the fuels studied and should be perfectly general 
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for any type of liquid hydrocarbon fuel in the gasoline 
range. It is interesting to note that the relation be- 
tween C and the slope of the A.S.T.M. curve at the 
90-per cent point is identical with equation (6), which 
gives the relation between C and the slope of the A.S. 
T.M. curve at the 10-per cent point in the evaluation 
of bubble-points. 

The ratios between T 99 per cent asrm and the experi- 
mental values of T pp,, obtained from the equilibrium 
air-distillation curves are given in Table 5, in which a 
comparison is made with values computed from equation 
(10). The A.S.T.M. 90-per cent points are also 
included, together with the values of S, and, in the last 
columns, the temperature differences corresponding to 
the deviations in the ratios are given. The data 
for fuels 1A, 2A, 3A and 4A are in italics, because 
extrapolation over a much longer range than usual was 
necessary to determine the experimental values. 

The agreement between the observed and calculated 
values is very satisfactory; the average deviation being 
1.0 deg. cent. (1.8 deg. fahr.). The distribution of 
errors, excluding the four fuels mentioned above, is as 
follows: 





/ Deviation — Percentage 
Deg. Cent. Deg. Fahr. No. of Points of Points 
3 5 3 8.8 
2 4 6 17.6 
1 2 16 47.1 
0 0 9 26.5 
Total 34 100.0 


About 74 per cent of the points show deviations less 
than 2 deg. cent. (4 deg. fahr.). Some of the dew-point 
data in Table 5 also show minor changes from those 
previously reported, because of the improved method of 
obtaining the 16-1 resultant lines. 

The effect of slope of the A.S.T.M. curves on the dew- 
points is illustrated in Fig. 7. The three fuels have 
the same 90-per cent point, but the slope varies from 
0 to 5.0. The fuel with the greatest slope has a dew- 
point 13 deg. cent. (23 deg. fahr.) lower than the fuel 
with zero slope. 


Conclusion 


The general problem of volatility of liquid fuels as 
related to their use in automotive equipment involves 
a consideration of all stages of the process of evapor- 
ation in the presence of air. The investigation of the 
problem falls naturally into two phases, the object of 
the first being to acquire the fundamental information 
necessary for the intelligent interpretation of the data 
obtained in the second phase, namely, under non-equilib- 
rium conditions such as exist in engine manifolds. 
The first phase has been completed, and accurate gen- 
eral relationships have been obtained that are applicable 
to all stages of vaporization. The practical value of 
the results to the automotive and petroleum industries 
lies in the information which it furnishes pertinent 
to the solution of many of the problems common to both 
fields. One of the outstanding features of the investiga- 
tion has been the added significance which it has given 
to the A.S.T.M. distillation test, establishing it der- 


The underlying theory and general methods of construction 
of alignment charts are covered in detail by Maurice d’Ocagne, 
in Traité de Nomogranvhie: J. B. Peddle. in The Construction of 
Graphical Charts; and by J. Lipka, in Graphical and Mechanical 
Computation. 


initely as a satisfactory and simple criterion for the 
evaluation of equilibrium volatility. 


APPENDIX 


Evaluation of Volatility Data from A.S.T.M. Curves 


ln the main report, it was shown that tempera- 
tures on the curve of a 16-1 resultant mixture of air 
and fuel vapor at any percentage evaporated, from 0 to 
100 per cent, could be obtained accurately by means of 
simple relations from the temperatures and slopes of 
the A.S.T.M. distillation curve at appropriate percent- 
ages evaporated. These relations were all of the gen- 
eric form 


_Tasru _¢ 
TREAD TREAD 

where the temperatures are in degrees centigrade abso- 
lute (deg. cent. + 273.1), and C is a function of the 
percentage evaporated and the slope of the A.S.T.M. 
curve. In each instance the value of C was such that 
the equation held for pure hydrocarbons as well as for 
the 38 diverse fuels investigated, and it is believed that 
the relations are of general applicability to all hydro- 
carbon fuels in the gasoline range, regardless of com- 
plexity. 

The three types of relation for 16-1 resultant mix- 
tures are as follows: 
Bubble-Points (0 per cent evaporated) 


—1.5— 


T 10 per cent ASTM C 
ee ee (11) 
T BP, T BP, 
where 
C=—10VS+ 39 (12) 
Intermediate percentages (10 to 90 per cent evapo- 
rated) 





TASTM c , 
ei: a) =... 13) 
TEAD, T BAD 6 ; 
where 
C = V (4608S) log [(100-P) /50] + 39 (14) 


Tasrm and Tp4p,, apply to common percentages evap- 
orated. 


Dew-Points (100 per cent evaporated) 





_T'90 per cent ASTM 45  ___ C (15) 
T DP , = DP, 
where 
C=—10VS+39 (16) 


Alignment Chart for Evaluating C 


These equations are very well adapted to graphical 
representation by means of alignment charts”. Thus, a 
chart for the evaluation of C from the slope at various 
percentages evaporated, based on relation (14) can 
be readily used to represent the identical relations 
(12) and (16) by inserting a single mark on the P 
scale. Such a nomogram is shown in Fig. 8. The scale 
on the left, marked P, represents percentages evapo- 
rated, the middle horizontal scale represents the slope 
S of the A.S.T.M. distillation curve whereas the scale 
on the right represents values of the parameter C. The 
mark on the P scale slightly above 80 per cent evapo- 
rated, labelled D.P. and B.P., is for the evaluation of C 
in the dew-point and bubble-point equations. The mark 
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S.T., identical with the 10-per cent mark, is for the 
estimation of engine starting temperatures. Its use 
will be described in more detail towards the end of this 
appendix. 


It is to be noted that, when P = 50, the slope of the 
A.S.T.M. curve has no effect and C = 39 in all cases. 
Further, when S = 0, C has the same value, namely, 39, 
at all percentages evaporated. In using the chart for the 
evaluation of C, connect by means of a straight-edge 
the appropriate mark .on the P scale with the corre- 
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sponding value of the A.S.T.M. slope on the S scale, 
and the intersection of this line with the C scale gives 


the desired value of C. Solutions for a number of cases 
are: 


Intersection 
P Scale S Seale on C Scale 

10 2.0 47 

50 Any value 39 
Any value 0.0 39 
90 2.0 18 
D.P. 2.0 26 

B. P. 1.0 30 

he 3.0 49 


Having the values of C from the chart in Fig. 8, the 
16-1 temperatures at any percentage evaporated from 
0 to 100 per cent can be obtained by the use of the 
alignment chart in Fig. 9, based on relations (11), 
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(13) and (15). The scale on the left represents 
A.S.T.M. temperatures in degrees centigrade corrected 
for distillation loss; the middle scale represents values 
of C; whereas the scale on the right represents tempera- 
tures in degrees centigrade on a 16-1 resultant-mixture 
line of air and fuel vapor. In using this chart for 16-1 
temperatures, three precautions must be kept in mind: 


(1) For the evaluation of bubble-points, the 10-per 
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cent A.S.T.M. temperature is connected with 
the appropriate value of C. The intersection 
of this line with the scale at the right is the 
bubble-point, which is the temperature at 0 
per cent evaporated. 


(2) For the evaluation of temperatures at any per- 
centage from 10 to 90 per cent, inclusive, the 
A.S.T.M. temperature and the 16-1 temperature 
are at common percentages evaporated. 
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(3) For the evaluation of dew-points, the 90-per cent 
A.S.T.M. temperature is connected with the ap- 
propriate value of C and the intersection on 
the scale at the right is the dew-point, which 
is the temperature at 100 per cent evaporated. 


Solutions for a number of cases are: 


A.S.T.M. Curve 16-1 Curve 
Temperature, Temperature, 
P Deg. Cent. C Deg. Cent. P 
10 60 26 —33 0 
10 60 47 —19 10 
50 125 389 19 50 
90 180 18 41 90 
90 180 26 47 100 


Fuel Volatility and Starting Temperatures 


The two nomograms can be used also for the estima- 
tion of the temperature at which an engine will start 
with a fair degree of ease when using any given gaso- 
line. The problem can only be solved definitely from 
the standpoint of the fuel by assuming that the engine 
is in good mechanical condition and that the oil is suf- 
ficiently fluid. With these assumptions, the starting 
temperature seems to depend only upon the fuel, the 
desired ease of starting, and the air-fuel mixture sup- 
plied by the carbureter. 

It is considered that the average car on the road can 
supply a mixture richer than 1-1, so that the acceptance 
of this value as a standard of reference leaves a fair 
margin of safety for the more recent models. Further, 
it is considered that starting at 10 revolutions of the 
crankshaft constitutes a suitable definition for easy 
starting. The correlation of C. S. Cragoe and J. O. 
Eisinger” indicates that a mixture of air and fuel 
vapor equivalent to 13.3-1, formed under equilibrium 
conditions, would be necessary to get starting at 
about 10 crankshaft revolutions, and this corresponds 
to 7.5 per cent evaporated from a 1-1 mixture supplied 
by the carbureter. Hence, the temperature on a mix- 
ture line of 13.3-1 at 7.5 per cent evaporated would be 
the limiting engine temperature below which starting 
would not be satisfactory, according to the above defini- 
tion. Starting might be possible below this tempera- 
ture, at the expense of increased time or with improved 
equipment, but the above is considered to be the most 
satisfactory single criterion of a general nature, which 
still has a slight margin of safety to compensate for de- 
ficiencies in the mechanical condition of the average 
engine and for viscosity of the oil. 

The results of the present correlation show that the 
13.3-1 temperatures at 7.5 per cent evaporated are 
equal to the 16-1 temperatures at 10 per cent evapo- 
rated for the 38 fuels, with an average deviation of 1.0 
deg. cent. (1.8 deg. fahr.). The greatest error occurs 
in the case of a pure hydrocarbon and amounts to 8 deg. 
cent. (5 deg. fahr.). The use of this equivalence per- 
mits the evaluation of temperatures for easy starting 
by means of the two nomograms. The value of C is 
ebtained from Fig. 8, using the mark labelled S.T., and 
the slope of the A.S.T.M. curve at the 10-per cent point. 
Using this value of C and the 10-per cent A.S.T.M. 
temperature, corrected for loss, the temperature below 
which starting will not be easy is obtained from Fig. 9. 





See THE JouRNAL, March, 1927, p. 353. 
12M.S.A.E.—President, Waukesha Motor Co., Waukesha, Wis. 


18 M.S.A.E.—Professor of chemical engineering, University of 
Michigan, Ann Arbor, Mich. “ 


The effect of slope of the A.S.T.M. curve on the mini- 
mum temperature for easy starting is very interesting. 
Of two gasolines with the same 10-per cent point, the 
one with the flatter curve will permit starting at a 
slightly lower temperature. This is illustrated in the 
following example for three gasolines with a 10-per 
cent point of 70 deg. cent. (158 deg. fahr.), which may 
be taken as a fairly representative temperature for 
commercial gasolines of average volatility. 


Starting Temperature 


Slope C Deg. Cent. Deg. Fahr. 
1.0 45 —14 _ 
2.0 47 —12 10 
3.0 49 —10 14 


Application to Other Mixture Ratios 


All of the temperatures which have been considered 
in this appendix apply to 16-1 resultant mixtures. It 
has been pointed out in the main report that tempera- 
tures corresponding to other mixtures within the range 
of interest in automotive equipment can be obtained 
readily from the 16-1 temperatures by addition or sub- 


traction of values which are independent of the 
percentage evaporated. The appro- 
priate values for various mixtures M AT 
can be evaluated conveniently from 
the duplex scale in Fig. 10. The 
marks at the left on this scale 15 
represent mixtures and those at 

the right represent the tempera- 

ture differences which are to be 

added algebraically to the 16-1 10 
temperatures. Thus, if the dew- 10 

point of a 16-1 mixture is 40 deg. 

cent. (104 deg. fahr.), the dew- 

point of a 20-1 mixture will be 5 
obtained by adding —4 deg. cent. 

(—7 deg. fahr.), giving 36 deg. 

cent. (97 deg. fahr.). On the 15 

other hand, if the 16-1 tempera- 0 
ture at 10 per cent evaporated is 

—20 deg. cent. (—4 deg. fahr.), 

the 8-1 temperature at 10 per 

cent will be —20 + 13 deg. cent. 20 “5 
= —7 deg. cent. (19 deg. fahr.). 

Values for other mixtures at any F1G¢.10—DUPLEX 
percentage evaporated can be ob- — ot Noy ad 
tained in a similar manner. CONSTANTS 


THE DISCUSSION 


CHAIRMAN H. L. HORNING*:—The important rela- 
tionships determined by Dr. Bridgeman in connection 
with the A.S.T.M. curves undoubtedly will be important 
factors which will influence manifold design and the air 
temperatures feasible to use in the engine. I predict 
that within five years we shall carefully use the data 
that Dr. Bridgeman has accumulated in regard to vola- 
tility, and that we will be very careful to make certain 
that engine manifold and temperatures come within the 
limits he has indicated. 

PrRoF. GEORGE G. BROWN”:—Dr. Bridgeman has ex- 
pressed fuel volatility in terms of resultant air-vapor 
ratio. Work reported by Donald Brooks in the last 
year indicates that the effective volatility of the fuel 

















in engine carbureters or manifolds is not directly re- 
lated to the equilibrium volatility expressed in terms 
of resultant mixtures. Our work started with engine 
tests which were followed by studies of equilibrium 
volatility. By following the reverse order from that 
at the Bureau of Standards, about the same final re- 
sults are being obtained. If we plot the equilibrium 
volatility with temperatures as ordinates and per- 


centage vaporized, by weight, as abscissas for a par-_ 


ticular air-fuel ratio supplied by the carbureter or to 
the equilibrium apparatus, instead in the way in 
which Dr. Bridgeman has presented it, the curve has 
the form shown as Curve 1 in Fig. 11. This represents 
the equilibrium volatility of a: representative motor 
fuel in a 14-to-1 air-fuel ratio and having a dew-point 
of 133 deg. fahr. 

By use of special apparatus, a uniform predeter- 
mined air-fuel ratio can be fed to the carbureter end of 
the manifold during the entire accelerating period. By 
making an acceleration test in much the same way as 
described by Mr. Brooks“, we can determine the air-fuel 
ratio burned in the cylinders. 

Plotting the percentage, by weight, of this fuel de- 
livered at the carbureter end of the manifold that is 
burned in the cylinders, as a function of the mixture 
temperature, we obtain a curve as indicated by Curve 
2 for a 14-to-1 air-fuel ratio. A mixture temperature 
of 176 deg. fahr. is required for all of the fuel supplied 
by the carbureter to be burned in the cylinders, imme- 
diately after the throttle is suddenly opened at 300 
r.p.m. As the mixture temperature is lowered, the per- 
centage, by weight of the fuel, delivered to and burned 
in the cylinders decreases as indicated by Curve 2 but 
not so rapidly as in the equilibrium-volatility Curve 1. 

By experimenting with a series of about 10 fuels, 
over the entire range from naphthas to straight natural 
gasoline, we have found a systematic relation between 
the equilibrium-volatility curve, such as Curve 1, and 
the effective-volatility curves such as those in Group 2 
This may be made more obvious by comparing the 
Group-3 curves, obtained by adding the indicated num- 
ber of degrees of heat to the corresponding points on 
the equilibrium-volatility curves, with the effective- 
volatility curves in Group 2. This relationship, which 
will be published shortly, enables one to determine the 
effective volatility of any fuel as a function of air-fuel 
ratio and mixture temperature when the equilibrium- 
volatility curve is available. The different characteris- 
tics of Curve No. 1 and the curves in Group 2 explain 
why it is impossible to relate equilibrium volatility di- 
rectly to engine performance, since it is effective vola- 
tility and not equilibrium-volatility which determines 
engine performance. 

The 40-per cent to 70-per cent range on the effective- 
volatility curve seems to be related with the 10-per cent 
point on the equilibrium-volatility curve. In other 
words, if 10 per cent of the fuel is actually vaporized 
under driving conditions, apparently at least 30 per 
cent and possibly 50 per cent of the fuel, depending on 
the air-fuel ratio, is carried as liquid or mist with the 
air and this 10-per cent vapor through the manifold 
and burned in the cylinders with as much effect as if 





14 See S.A.E. JOURNAL, August, 1929, p. 174. 


6 M.S.A.—.—Research engineer, Stromberg Motor Devices Co.; 
Chicago. 


16 M.S.A.E.—Automotive research engineer, 
Paulsboro, N. J. 
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it were vaporized. I thought it would be interesting to 
indicate this quantitative relationship between the 
equilibrium volatility and the effective volatility, which 
may be used to indicate engine performance. 


Wants Complete Description in Pamphlet Form 


F. C. Mock” :—I believe that Dr. Bridgeman’s work, 
as time goes on, will be more and more appreciated as 
a highly creditable example of American engineering 
research. We should, as soon as possible, begin to use 
it in the study of fuels, distribution, and. various 
phases of carburetion. To facilitate this I should like 
to see this information published in pamphlet form, 
with a complete description of the different procedures 
involved. It should describe in detail the A.S.T.M. dis- 
tillation and correction for loss. Instructions, with ex- 
amples, should be given for determination or compu- 
tation of the dew-point, the bubble-point and the like, 
in a form that can be understood by a laboratory man 
not specially trained in chemical work. Illustrations 
and descriptions of the apparatus by means of which 
the determinations are made should be included. Such 
a pamphlet would, I believe, be very helpful toward 
eliminating from our carburetion work the hitherto un- 
certain and unmeasured factor of variation in fuel 
volatility. 

J. P. STEWART”:—In what terms is the slope of the 
distillation curve expressed? 

O. C. BRIDGEMAN :—The slope of the A.S.T.M. distil- 
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Fic. 11—RELATION BETWEEN EQUILIBRIUM-VOLATILITY AND 
EFFECTIVE- VOLATILITY CURVES 
Curve I Represents the Equilibrium Volatility of a Representative 
Motor Fuel in a 14-1 Air-Fuel Ratio and Having a Dew-Point of 
133 Deg. Fahr. Effective-Volatility Curves of the Type Shown 
in Group 2 Are Obtained by Plotting the Percentage, by Weight, 
of the Fuel Delivered at the Carbureter End of the Manifold 
That Is Burned in the Cylinder, as a Function of the Mixture 
Temperature. The Curves in Group 3 Are Obtained by Adding 
the Indicated Number of Degrees of Heat to the Corresponding 
Point on the Equilibrium-Volatility Curves with the Effective- 
Volatility Curves in Group ‘2 
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lation curve at any point is expressed as the tempera- 
ture change in degrees centigrade over a range of 1 per 
cent evaporated at the point of interest. For practical! 
purposes, a range of 10 per cent evaporated may be used 
in most cases. Thus, if the slope at the 10-per cent 
point is desired, the value is obtained by substracting 
the temperature at the 5-per cent point from the tem- 
perature at the 15-per cent point and dividing by 10. 
If the A.S.T.M. curve shows an abrupt change at the 
point of interest, a narrower range of percentage evap- 
orated must be considered. 

Now that the investigation of equilibrium volatility 
has been completed, it is planned to combine the experi- 
mental information given from time to time as progress 
reports into a Bureau publication somewhat along the 
lines suggested by Mr. Mock. This bulletin should be 
available within a few months. 


Should Control Heat To Prevent Condensation 


W. A. WHATMOUGH":—The criterion of the perfor- 
mance of any engine is not its compression ratio but 
the brake mean effective pressure, measuring both the 
amount of air the engine breathes in and the amount 
of fuel it consumes. Any attempt to derive definite 
formulas is hopeless when dealing with a motor fuel of 
variable composition. A simple computation from a 
distillation curve gives an approximation to the mean 
volatility so long as it relates to gasoline, but adding 
benzol or alcohol changes the characteristics of the 
curve and the meaning of the 10, 50 and 90-per cent 
points. However, a real mean-volatility which can be 
determined for specific conditions, exists for each fuel, 
but it applies only to those specific conditions. 

The engine flexibility that everyone desires can be 
attained only by putting sufficient heat into the air so 
that the fuel is carried as vapor into the cylinders. If 
the necessary heat is withheld, the fuel will condense; 
not within a distance of, say, 1 ft., but within 1 or 2 
in. Once the fuel condenses out, it cannot be gotten 
back. If the fuel is finely sprayed and the right amount 


17 F.M.S.A.E.—Consulting engineer, New Barnet, England. 
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of heat is added, that is, in accordance with the vola- 
tility of the fuel, then perfect flexibility follows as a 
matter of course. ’ 

I have been working for the last three years on con- 
trolling air-intake temperature. There never has been 
any doubt as to the efficacy of this method of smoothing 
engine performance, the difficulty being to make a de- 
vice strong enough and at the same time quite sensitive. 
Using British petrol No. 1, an air-intake temperature 
of 125 deg. fahr. assures that engine silkiness and 
rhythmic performance which all are striving to get. 
But if that temperature is reduced to 115 deg. fahr., al- 
though the car can be driven normally above 10 m.p.h., 
the engine cuts clean out below that speed when the 
throttle is suddenly opened. This signifies that the 
fuel is still spraying and mixing with the air, but suffi- 
cient drops out on the way to the cylinder for the mix- 
ture to become too weak to burn. Indeed, with a fairly 
lean mixture, a fall of 5 deg. fahr. in air temperature 
will make all the difference between complete flexibility 
and bad stalling at crawling speeds. If one has not 
done it or seen it done, the change in behavior of the 
car is incredible. British petrol No. 3 costs 8 cents per 
gal. less than petrol No. 1, yet the flexibility becomes 
as good as with petrol No. 1 when the air temperature 
is increased by 8 to 10 deg. fahr. 

On a computation basis the air temperature for 
American gasoline ought to be about 160 deg. fahr. at 
least, but I found I could use it successfully at 15 deg. 
fahr. lower than that. The reason is that stated by 
Professor Brown; namely, that vaporous mixtures of 
air and fuel as gas, vapor or fog are quite distribut- 
able. These produce so-called engine rhythm, whereas 
dry-gas fuel-mixtures burn too fast. During carbure- 
tion a contraction of the fuel-air stream occurs momen- 
tarily at the carbureter throat and causes the fuel to 
evaporate if the requisite amount of heat exists there. 
Cooling by expansion then causes fuel to be precipi- 
tated as fog or vapor. It is certain that some 30 per 
cent of the fuel can be distributed perfectly; that is, 
as liquid vapor or fog. Hence equilibrium, and also 
distillation, gives results that are too high. 





Work of Prime-Movers 


CONSERVATIVE estimate of the work done in one year 

by all kinds of mechanical prime-movers and work 
animals on farms in terms of man-hours of labor would give 
a total equivalent to the labor of 637,750,000 men working 
10 hr. per day 365 days per year. In this estimate the kilo- 
watt-hour is considered to be the equivalent of 14 hr. of 
man labor. The estimated output of energy in the United 
States in a year is computed to be as in the accompanying 
table, translated into equivalent number of men working 10 
hr. per day 365 days a year. 

Obviously this is a low estimate. It excludes the work 
done by the prime-movers of ships, boats, airplanes, and so 
forth. One-half of the energy available to America and 
consumed in industries and daily life is utilized in the direct 
application of heat, without conversion into mechanical or 
electrical energy. That also is excluded. 

The output of energy by automobile engines is purposely 
underestimated here, because the automobile and truck are 


in Terms of Man-Hours 


Men 

Output by public-utility powerplants. ..337,880,000 
Work done by railroads .............. 127,000,000 
Work done in agriculture ............. 73,070,000 
Work done by manufacturers ......... 70,000,000 
Minen ard. GUBETION: v.o.<.0:655 00.026 8400.0 00 17,600,000 
Work done by automobiles ........... 12,200,000 

637,750,000 


credited only with an amount of work done in performance 
of passenger-miles and ton-miles of service on a basis com- 
parable with the work done by railroads, whereas in fact 
the greater amount of energy actually consumed by auto- 
mobiles is for purposes of pleasure and recreation. It is 
probable that the energy output of automobile engines is in 
fact equivalent in man labor to the work of 300,000,000 or 
400,000,000 men working 10 hr. per day 365 days a year.— 
Martin J. Insull. 
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The Relation of Riding-Quality to 
Angular Car-Acceleration 


By Merritt L. Fox! 


Semi-Annvuat Meetine Paper 


4 Meese paper describes the use of the gyro-acceler- 
ometer, an instrument capable of recording angu- 
lar velocity, angular acceleration and the total angle 
turned. The design and development of this instru- 
ment came as a result of research into the riding- 
quality of automobiles, which work demonstrated 
the necessity of measuring angular motions in a 
moving car under road conditions, a task that was 
impossible to accomplish with the equipment that was 
then available. 

To avoid taking a great number of readings and 
obtain a basis of comparison, a standard test, con- 
sisting of driving a car over a special bump at dif- 
ferent speeds and plotting curves of the resulting 
angular quantities as given by the gyro-acceler- 
ometer, was devised. This test is known as the 
standard-bump test, and the values of maximum 
angular acceleration obtained at different speeds are 
evidently closely related to riding-quality. To es- 
tablish this relation, tests were made by this method 
at Iowa City, Iowa, and at the proving grounds of 
the General Motors Corp. and the Studebaker Corp. 
While making these tests, the opinions of the com- 
pany drivers were recorded. Curves were plotted of 
these opinions and of the values of angular accelera- 
tion. The similarity of the curves indicates the close 
relationship between riding-quality and angular ac- 
celeration. This relationship allows riding-quality 
to be evaluated numerically so that cars of different 


HE riding-quality of an automobile has been a 

subject for investigation by the department of 

mechanical engineering at the State University 
of Iowa for several years. The more usual tests, of both 
automobile engines and complete chassis, have been 
made in past years as class exercises and as research 
problems. During this time, engine and chassis design 
have rapidly developed, but little change has been made 
until recently in methods of suspension and the result- 
ing riding-quality. For this reason the study of the 
movements of the automobile body and their relation 
to riding-quality was made a subject for special in- 
vestigation. 

Many factors contribute directly or indirectly to the 
discomforts of riding. Included in these are noise, both 
from body and mechanical parts; vibrations at certain 
speeds; fit of cushions; side-sway, and force with which 
the passenger is thrown when the car passes over a 
bump or goes through a chuck hole. The causes of noise 
and vibration are being studied and remedied so that 
these have been greatly reduced in well-constructed cars, 
and many an otherwise poor-riding car has been made 
acceptable by the use of specially constructed cushions. 





1 Assistant professor of mechanical engineering, State University 


of Iowa, Iowa City, Iowa. 


Illustrated with Cuarts 


makes tested at different times and localities can be 
tabulated as to riding-quality without making direct 
comparison. It also eliminates the factor of variable 
personal feeling at the time of comparisons. 

A standard of riding-quality to be known as the 
University of Iowa Standard Riding Scale is pro- 
posed, based on the maximum angular-acceleration 
values recorded by the gyro-accelerometer when 
using the standard-bump test. This makes possible 
the rating of cars in terms of standard riding- 
quality. 

Attention is called to other uses for the gyro- 
accelerometer in connection with automobile design, 
such as that of selecting the proper spring and shock- 
absorber equipment so that the combined action will 
give the best riding-quality, and that of determining 
instantaneous centers about which a car oscillates, 
for use in locating the best weight-distribution and 
determining the proper location of spring supports. 
The instrument can also be used to determine the 
angle of roll and the angle at which skidding occurs, 
in obtaining the effect of the height of the center of 
gravity. 

A method is outlined whereby the instrument can 
easily be adapted, by the addition of integrating 
mechanism, to furnish the total amount of all angular 
velocities or accelerations or the total number of 
times certain values of angular velocities or ac- 
celerations have been encountered in a road test. 


If improvements are to continue, analyzing the move- 
ments of the chassis in more detail will be necessary 
to determine the cause of the disagreeable motions and 
to make corrections at the right point and in proper 
amount to reduce the force with which a passenger is 
moved. 


Early Investigations 


Study of the movements of the automobile chassis 
started in the University laboratory by the use of the 
available apparatus. The front or rear wheels of the 
car were held on the wide-rimmed wheels of the elec- 
trical dynamometer and wooden blocks were fastened 
to these wheels to simulate bumps on the road. Runs 
were made at different speeds with the car under its 
own power and driven by power from the dynamometer. 
As the bumps on the dynamometer wheels passed under 
the car wheels, the springs and frame would be sub- 
jected to reactions somewhat similar to those when the 
car is passing over a bump on the road. Displacement 
recorders, consisting of a pencil marker guided across 
the face of a continuous paper ribbon drawn under 
the pencil at constant speed by a motor, were used to 
obtain the movements of different points in the chassis 
and springs when passing over the bump. 


358 


— —————— iia — 


——SS— 


ry 
nd 
er 


sis 
the 
the 


ned 
ins 
its 
ter. 
der 
ub- 
the 
ent 
ross 
der 
1 to 





Vol. XXV 


October, 1929 





Road tests were also conducted using a recorder 
operating on the principle of a floating weight, as found 
in a seismiograph.® The vibration type of instrument 
for measuring acceleration has also been investigated 
but no comparative tests have been made with this type. 

The results of tests both in the laboratory and on the 
road were based on the vertical movements of certain 
points on the car of which records were made. Appar- 
ently these vertical movements are largely components 
of angular movements of the automobile resulting from 
the front wheels passing over an obstruction before 
the rear wheels pass over it, which sets up an oscilla- 
tory movement of the body about a variable center 
located near the back of the front seat. An instrument 
that would measure angular movements would have 
many obvious advantages over one measuring vertical 
components only, especially in road tests, in which the 
front wheels must pass over the bump first. An instru- 
ment named the gyro-accelerometer’, which makes use 
of the precessional property of the gyroscope, was 
therefore designed and built at the power laboratory. 


Riding-Quality Tests at Iowa City 


To demonstrate the application of the gyroscopic 
recorder in determining the riding-quality of automo- 
biles, tests were made using the standard bump and 
three of the small popular low-priced cars lent for the 
tests by automobile agencies. The tires were inflated 
to the pressure recommended by the manufacturer and 
the conditions were as nearly duplicated in each case 
as possible. In our tests we have designated the three 
cars in the sequence tested as Cars A, B and C. Car 
A was a coach having a wheelbase of 10014 in., weigh- 
ing 2075 lb. and equipped with 28 x 4.75-in. tires and 
with one-way friction-type snubbers on the front axle 
only. Car B was a two-door sedan having a wheel- 
base of 107 in., weighing 2435 lb. and equipped with 
30 x 4.50-in. tires and spring-clamp shock-absorbers on 
each end of all four springs. Car C was a coach having 
a wheelbase of 103% in., weighing 2400 lb. and 
equipped with 29 x 4.50-in. tires and hydraulic shock- 
absorbers on both ends of each axle. The suspension 
of this car is by semielliptic transverse springs. 

The test consisted in driving each of the three cars 
over a bump 5% in. wide and 25% in. high, with the 
upper corners chamfered 1 in. at a 45-deg. angle, at 
speeds of 10, 15, 20, 25, 30, 35, 40, and 45 m.p.h. The 
gyroscopic wheel was run continuously during each 
series of tests, its speed being checked by reading a 
Frahm vibration tachometer and kept constant at 4100 
r.p.m. at the time the car passed over.the bump. The 
observer also operated the paper record only a short 
time before and a short time after passing over the 
bump. The driver operating the car during the tests 
observed the electric speedometer so that the car passed 
over the bump at the required speed. 

On the record obtained from the instrument, the 
distances across the paper, or vertical displacements, 
give a measure of angular velocity, and the distances 
along the paper, or horizontal displacements, give a 
measure of time. With the record in this position, 
downward movement of the pencil indicates that the 
front of the car moves upward or that the car as a 


*See THpP JOURNAL, January, 1920, p. 17. 


®*{A description of the construction of this instrument and the 


fyroscopic principle of its action was published in the S.A.E. 
JOURNAL, June, 1929, p. 626.] 
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whole moves in clockwise rotation as viewed from the 
left side. 

When driving Car A over the bump at 25 m.p.h., the 
front end nosed downward when first encountering the 
bump but soon rose with high velocity due to the front 
wheels passing over the bump. The greatest distance 
the pencil moves downward gives a measure of the 
maximum angular-velocity imparted to the car by the 
bump on the first upward swing of the front of the 
car. The next movement of the pencil across the center 
or zero line indicates the time when the front of the 
car reached the top of the upward swing. In like man- 
ner the maximum distance the pencil next moves above 
the center line gives a measure of the maximum angular 
velocity imparted to the car by the bump passing under 
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Fic. 1—STANDARD-BUMP TEST OF Cars A, B AND C 


In This Chart the Total Change in Angular Velocity of the First 
Complete Oscilliation after Passing over the Bump Is Plotted 
against the Speed at Which the Car Was Tested 





the rear wheels plus a force due to the lowering of the 
front end of the car as a consequence of spring re- 
action and gravity. 


What Curves Plotted frem Records Show 


By inspection of the records at different car-speeds, 
we found that the values of angular velocities of the 
car changed due to the combination of the varying pro- 
portion of the action of the wheels passing over the 
bump and the reaction of the springs and body. In all 
cases at 10 and 15 m.p.h. the angular velocity was 
higher at the time the rear wheels passed over the 
bump; at 20 m.p.h. it was higher when the front wheels 
passed over the bump; and at higher speeds the oc- 
currence of the highest angular-velocity depends on the 
natural-period characteristics of the body and springs. 

A curve was plotted for each of the three cars, taking 
the sum of the maximum angular-velocities of the first 
complete cycle, including one upward and one down- 
ward movement of the front end, as ordinates and 
speed in miles per hour as abscissas, as shown in Fig. 1. 
The curves from Cars A and B are similar, while the 
angular velocity of Car C was the lowest at the usual 
driving-speeds from 15 to 35 m.p.h. The opinion of 
those riding in the cars was that the low angular- 
velocity of Car C occurred at the same speed at which 
the car gave a rather rough ride; this would, however, 
be characteristic of a car in which the action of the 
springs had been partially damped by improperly ad- 
justed shock-absorbers. 

In these tests the maximum angular-acceleration 
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Fic. 2—MAXIMUM ANGULAR-ACCELERATION-SPEED CURVES 
FOR CARS A, B AND C 


occurred at the first reaction after passing the bump; 
that is, at the time the front end of the car body re- 
versed its motion from upward to downward. On the 
gyro-accelerometer record this reading of maximum an- 
gular-acceleration is close to the point at which the 
angular-velocity line passes through zero. If readings 
of maximum angular-acceleration over very. short 
periods of time are taken, results were found to vary 
considerably. However, if values of average angular- 
acceleration between two points of angular velocity 
occurring at least 0.1 sec. apart are used, the values 
will be consistent. 

A curve was plotted in Fig. 2 using these values of 
maximum angular-accelerations as ordinates and the 
speed of the car when it passed over the bump as 
abscissas. If the values of angular acceleration are a 
measure of the force with which a passenger riding 
in the car is moved, and hence are proportional to the 
riding-quality, we would conclude from these curves 
that at 10 m.p.h Car C rode best, at. 15 m.p.h. Car A 
rode the best, but at and above 20 m.p.h. Car B rode 
the best. At about 25 m.p.h, the force of the reaction 
of the rear end of the car going over the bump is in 
the same direction as the angular velocity of the car 
body and the increase in the angular acceleration is 
very marked in Car A and almost absent in Car B. 
These cars were borrowed from local dealers and tested 
as found; thus the curves do not show what may be 
expected with proper adjustment of the shock-absorbers. 
Car C gave a rough ride above 35 m.p.h, evidently due 
to the front shock-absorbers being set with the ad- 
justing valve too far open. Car A is equipped with 
snubbers on the front end only; adding shock-absorbers 
to the rear end would reduce the period at 25 m.p.h., 
as shown in the Car-B curve. Car B evidently gave 
a rough ride at low speeds, but at about 20 m.p.h. the 
spring leaves began acting under the clamps with which 
the springs are equipped, and the car gave a satisfac- 
tory ride at higher speeds. 


Riding-Quality Tests at Proving Grounds 


Encouraged by these tests at Iowa City, the results 
were presented to the General Motors Corp. and the 
Studebaker Corp., which not only allowed tests to be 
made but furnished drivers, cars and other facilities 
for making the tests at their proving grounds. These 
tests were conducted in a way similar to the earlier 
ones at the University and the cars were driven by 


these runs, the drivers put down on cross-section paper 
each time the car was driven over the bump a point 
which, in their opinion, expressed the degree of riding 
comfort of the car at the speed at which it was driven. 
The cross-section paper had been coordinated with 
speed in miles per hour as abscissas and with riding 
comfort as ordinates, the average ride being expressed 
by mid-height ordinate, good ride being below and poor 
ride above this height. These points were connected 
together into a continuous curve which was later com- 
pared with the curve plotted from the record of the 
gyro-accelerometer. The agreement between these 
curves is remarkably close, considering that one is 
plotted only from the impressions of the drivers. 

Reports are here made on three cars, D, EF and F, 
used in the proving grounds tests. Car D was a six- 
cylinder 1929 coach having a wheelbase of 109%, in., 
weighing 2636 lb. and equipped with 29 x 4.75-in. tires 
and with one-way friction-type snubbers. Car E was 
an eight-cylinder in-line 1928 seven-passenger sedan, 
having a wheelbase of 131 in., weighing 4231 lb. and 
equipped with 31 x 6.20-in. tires and with one-way 
friction-type snubbers. Car F was an eight-cylinder 
V-type 1928 seven-passenger sedan having a wheel- 
base of 125 in., weighing 4391 lb. and equipped with 
32 x 6.00-in. tires and with hydraulic one-way shock- 
absorbers. 

Test runs with Car D were made using the standard 
bump, and the upper chart in Fig. 3 was prepared from 
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Fic. 3—MAXIMUM ANGULAR-ACCELERATION-SPEED CURVES 


(ABOVE) AND RIDING-QUALITY CHART (BELOW) OF CAR D 


Conditions under Which the Different Curves Were Obtained Are 
Tabulated Below 


Curve 1 2 3 4 5 
Snubbers On On Off Off On 
Live Load, Lb. 267 732 732 267 267 


Tire Pressure Normal Normal Normal Normal 10 Per Cent Less 
The Lower Chart Is Based on the Personal Opinion of the Drivers. 
The Points Indicated Were Put Down by the Drivers While the 


Car Was Being Tested 
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3 from which the conclusion would be that this car was 
= 3.0 ry equipped with undersized tires. 
25+ | Driver Opinion Agrees with Instrument Records 
5 ol Referring to the personal-opinion chart, the lower 
S __ chart in Fig. 3, which was prepared from the points 
§ 1.5 put down by the driver at the time the run was made, 
5 | the general trend of the curves is seen to be the same 
3 1.0 | ey as that of those prepared from the angular-acceleration 
Be: Ske elicebdsl al r records. The driver felt that the car rode better at 
So51 1 | | Beaeze WERBSBEae ce 10 m.p.h. than at 5, as shown in Curve No. 1, and that 
<= 0 5 fo I5 20 25 30 35 40 45 50 55 
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Fic. 4—MAXIMUM ANGULAR-ACCELERATION-SPEED CURVES 
(ABOVE) AND RIDING-QUALITY CHART (BELOW) FOR CAR E 
Con@ditions under Which These Curves Were Obtained Are Tabu- 
lated Below 
Curve 1 2 3 4 5 
Snubbers On On Off Off On 
Live Load, Lb. 267 1,155 1,155 267 267 
Tire Pressure Normal Normal Normal Normal 10 Per Cent Less 


readings of the angular accelerations under conditions 
of light and full load, absorbers off, and with a small 
drop in tire pressure. With standard equipment, as 
shown in Curve No. 1, the highest value of angular 
acceleration occurs at 25 m.p.h. By referring to the 
original curve made by the recorder and not reproduced 
here, this high value was found to be caused by the 
rear end passing over the bump at the time the front 
end was starting downward. This gave an additional 
impulse to the angular motion already in progress and 
caused the high value of angular acceleration. The 
car would therefore give the passenger a quick jerk 
with a force in proportion to this angular acceleration 
when passing over the bump at this speed. By increas- 
ing the absorption of the rear snubbers, the accelera- 
tion can be greatly decreased at this speed, although a 
boulevard ride may be ruined if the absorbers have not 
the correct characteristic. 

Curves Nos. 3 and 4 show that by removing the 
snubbers the natural period of the car was increased 
and the point at which the acceleration was the maxi- 
mum occurred at about 20 m.p.h. At higher speeds 
the angular acceleration was decreased and the car 
rode softer without snubbers, although the record 
showed a greater angular-velocity and consequently the 
car would not hold the road well. Curve No. 5 indicates 
that, with a drop in tire pressure of only 10 per cent, 
the tire could not absorb the bump and no pneumatic- 
cushion effect was present at velocities above 15 m.p.h., 


the poorest ride was at 25 m.p.h, after which the ride 
became uniformly better as the speed increased. Also, 
in Curves Nos. 2 and 3, the driver feels that the ride 
is better at 15 m.p.h. than at lower speeds and that 
the poorest ride in Curve No. 3 is at 20 m.p.h. In 
these conclusions the personal opinion agrees with the 
curves constructed from the angular-acceleration data. 

The upper chart of Fig. 4 was prepared from angular- 
acceleration values and the lower one is the result of 
personal opinion of drivers of Car EF. Both of these 
sets of curves indicate a rougher ride at low speed 
than was found in Car D but the riding-quality was 
more uniform up to 30 m.p.h., after which it steadily 
improved with higher speeds. With absorbers removed, 
Curve No. 3 has a period at 25 m.p.h. and Curve No. 4 
a period at 20 m.p.h., as would be expected when the 
energy of the compressed spring is not absorbed. 

The charts of Fig. 5 were prepared from the angular- 
acceleration values and personal opinion of drivers of 
Car F. This car has no marked speed at which road 
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Fic. 5—MAXIMUM ANGULAR-ACCELERATION-SPEED CURVES 
(ABOVE) AND RIDING-QUALITY CHART (BELOW) OF CAR F 


Conditions under Which These Curves Were Obtained Are Tabu- 
lated Below 

Curve 1 2 3 4 5 

Shock-Absorbers On On Off Off On 

Live Load, Lb. 267 732 732 267 267 


Tire Pressure Normal Normal Normal Normal] 10 Per Cent Less 
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reaction causes a high angular acceleration but the 
riding-quality steadily improves with higher speeds. 


Analysis of Gyro-Accelerometer Record 


By tracing the record made by the gyro-accelerometer 
on tracing cloth and superimposing records made at 
other speeds or with other conditions, the angular 
movement can be compared. In Fig. 6 two curves, 
both made from Car D at 20 m.p.h, one with shock- 
absorbers attached and the other with them removed, 
are shown. These were a portion of the record from 
which the resulting values of angular accelerations were 
obtained and used to construct the upper chart in Fig. 4. 
By inspection of the curves, the effect of the shock- 
absorbers can be noted in the reduced height of the 
curve and by the reduced maximum angular-accelera- 
tion as shown by the reduced slope of the angular- 
velocity curve on the first part of the counterclockwise 
portion. The effect of the reaction from the rear 
wheels as they pass over the bump is prominent when 
the shock-absorbers are removed, but these motions 
are smoothed out to a great extent by the absorbers. 
The time required until the oscillations set up by the 
bump had died out is much reduced by using shock- 
absorbers, as shown by the curves; in this case they 
continued for 1.50 sec. without shock-absorbers and 
for only 0.75 sec. with them. Absorption was greater 
in this case during counterclockwise than during clock- 
wise rotation. 

This method of comparing records of the angular 
movements of the car when making field tests should 
be very useful in determining the effect of making 
some change in the chassis, such as adding shock- 
absorbers or changing their adjustment. As other 
tests have shown, this method gives easily interpreted 
records of the change in angular motion due to coasting 
as compared with accelerating, changing weight-dis- 
tribution, altering spring characteristics or adjusting 
shock-absorbers. 


Conclusions from the Tests 


From the results of these tests, made by recording 
with the gyro-accelerometer the angular movements 
of a car when driven over a standard bump at dif- 
ferent speeds, we can obtain numerical values of these 
movements which have commercial applications, among 
which the followng are the more important: 


Riding-Quality Measured by Angular Acceleration.— 
From a comparison of the shape of the curves made from 
the opinion of the drivers of the cars being tested and 
the values of angular acceleration as given by the gyro- 
‘accelerometer, angular acceleration evidently is closely 
related to, and can be used as a measure of, riding-quality 
in an automobile. 

Riding-Quality Given a Numerical Value or Rating.— 
Since riding-quality can be expressed in terms of angular 
acceleration, this value can be expressed numerically in 
physical units such as radians per second squared, as was 
done in the riding-quality tests described. At present, 
riding-quality is compared on a basis of personal opinion, 
which is influenced by many factors in addition to the move- 
ments of the car. Using angular-acceleration values en- 
ables cars to be compared accurately, at different locations 
and at different times, on a numerical basis free from the 
influence of personal opinion. 

Riding-Quality Affected by Design of Springs and 
Shock-A bsorbers.—The gyro-accelerometer produces a de- 
tailed record of the performance of a car when driven over 
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Fic. 6—GyYRo-ACCELEROMETER RECORD IN TESTING CAR D 
These Curves Are from a Portion of the Record from Which 
the Angular-Acceleration Curves of Fig. 5 Were Plotted. The 
Effect of the Shock-Absorbers Can Be Noted in the Reduced 
Height of the Curve and by the Reduction in the Maximum 
Angular-Acceleration as Shown by the Reduced Slope in the First 

Part of the Counterclockwise Portion 


the standard bump, as in Fig. 5, of Car F' at 20 m.p.h. 
The fact that the steepest slope of the angular-velocity 
curve occurs just before the curve passes through zero 
shows that the greatest acceleration occurs near the point 
where the velocity is changing direction from clockwise 
to counterclockwise rotation, which is the point at which 
the front of the car changes from upward to downward 
motion. 

To increase the ease of riding, the shock-absorbers should 
have a characteristic such that maximum absorption of 
energy will occur at the time the car would have maximum 
acceleration. We may conclude from the record that the 
most desirable shock-absorbers should have a variable char- 
acteristic and absorb the most energy near the point of 
maximum travel, which occurs when the front springs are 
most extended; they should also absorb the least energy 
at approximately mid-travel. The exact points and the 
relative amount of energy to be absorbed can be determined 
by making tests of the car, springs and shock-absorbers 
that are to act together. 

Riding-Quality Improved by Use of Data from Gyro- 
Accelerometer.—The results of tests of automobiles shown 
in this paper and from similar tests make evident that 
the riding-quality in some cars is superior to that in others. 
That a short-wheelbase car need not have poor riding- 
quality or one with a long wheelbase does not necessarily 
have good riding-quality is also evident. The tests have 
demonstrated that the. gyro-accelerometer furnishes data 
by the aid of which proper springs and energy-absorbing 
devices can be selected to improve the riding-quality. 
Therefore, when the designers make use of the data fur- 
nished by the use of this instrument, it can reasonably be 
expected that cars will be built with a better riding- 
quality than that of any so far tested. 





University of Iowa Scale of Riding-Quality 


From the results of tests reported in this paper and 
other similar tests, designers evidently have a means 
of obtaining data by the use of which the riding- 
quality can be improved until cars having a lower 
value of angular acceleration at the respective speeds 
than is shown by any in these tests will be produced. 
To have a basis toward which engineers should improve 
their designs and which the buyer can use as a stand- 
ard of reference, the following scale of riding-quality 
is proposed: 

When a car is tested by using the standard-bump 
method of the State University of Iowa and the values 


of angular acceleration in radians per second per second 
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are compared with the values given in Table 1 and Fig. 7, TABLE 1—UNIVERSITY OF IOWA SCALE OF RIDING-QUALITY 

the riding-quality of the car shall be rated as Bad, Unsatis- Speed, Riding-Quality* 

factory, Average, Good, or Superior, such that no value M.P.H. Unsatis- 

of angular acceleration at any of the tabulated speeds Bad factory Average Good Superior 

shall exceed those in the column of that rating. 10 3.20 2.70 2.20 1.70 1.20 
The results of tests on Car F reported in this paper = te a oa a ca 

practically meet the standard requirements for good 40 2.60 2-10 1.60 110 0.60 

riding-quality. This car was designated by the testers 60 2.50 2.00 1.50 1.00 0.50 


at the proving grounds as the best-riding car available 
at that time and was tested to find the values of angular 
acceleration which would represent the best riding- 
quality then available. 


Other Uses of the Gyro-Accelerometer 


Measurements of angular velocity, angular accelera- 
tion and the actual angle turned in space are made 
available by the use of the gyro-accelerometer. The 
principle used in the construction of the instrument 
is worthy of development into many other valuable 
forms, since the errors found in various other types of 
straight-line velocity and acceleration recorders are 
largely overcome. This superior accuracy results from 
the use of the storage-battery to drive the gyroscopic 
wheel that serves as a reservoir of kinetic energy to 
make up for that lost due to friction of the recording 
pencil and other moving parts. This makes practical the 
building of rugged precision instruments that are suit- 
able for field testing and do not require the use of 
electrical contacts or beams of light on photographic 
film to obtain the record, as is the case in some vertical- 
component instruments. Some of the other fields for 
instruments making use of these same physical proper- 
ties are here discussed. 

Gyro-Accelerometer Used To Determine Oscillation 
Center.—Because the distance of the record line above or 
below the zero line represents angular velocity and the 
horizontal distance along the record is a measure of time 
during which the velocity continued, the product is a 
measure of the total angle turned and is given by the area 
between the record and zero lines. This area is easily 
measured by a planimeter. 

The analysis of riding-quality makes evident the fact 
that the front seat of the automobile rides more com- 
fortably than the rear seat. This is because the location 
of the axis about which the car oscillates is nearer the 
front than the rear seat. To-increase the ease of riding, 
the factor influencing the location of this axis should be 
studied. The location of this oscillation axis at any instant 
can easily be determined in the laboratory by placing 
bumps on the dynamometer wheels, mounting a displace- 























>See S.A.E. JOURNAL, June, 1929, p. 630. 
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Fic. 7—SUGGESTED SCALE FOR MEASURING RIDING-QUALITY 
This Scale Can Be Used in Connection with the Standard-Bump 
Test To Classify the Riding-Quality of Any Car 





*Figures are angular accelerations in radians per second per 
second at different speeds. 


ment recorder at some convenient location on the body and 
placing the gyro-accelerometer at any other convenient 
point in the body. When the car is run over the bumps on 
the wheels, oscillations are set up about the oscillation 
axis. The record from the gyro-accelerometer gives the 
value of the angle turned while the displacement recorder 
gives the chord of this angle. To plot graphically from 
these readings the angle across the chord and find the 
location of the vertex is very simple. Two or more dis- 
placement recorders could be used to obtain this result 
but not as conveniently as with the gyro-accelerometer, 
which indicates at once the direction in and the rate at 
which the angle is changing. Preliminary results of three 
tests using this method to determine instantaneous loca- 
tion of the oscillation axis have been reported’. 
Gyroscopic Instrument To Record Linear Velocity and 
Acceleration.—To adapt the gyro-accelerometer to measure 
linear velocity and accelerations, the revolving gyroscopic 
wheel should be turned about its precessional axis at a 
rate proportional to the linear motion to be measured. 
This would be as though the side of the instrument were 
fastened to the face of a wheel revolved by a gear or belt 
at the speed to be measured. The instrument in its present 
form would be impracticable for this service, as the re- 
cording mechanism would be revolving with the instru- 
ment and inspection of the record would be difficult. How- 
ever, a useful form of instrument suited to record linear 
velocity and acceleration can be constructed by building 
an instrument so that the movement of the gimbal-ring 
is transferred by proper mechanism in line with the pre- 
cessional axis to a stationary recording mechanism. Many 
uses can be found for such a linear accelerometer, such as 
the study of relative pick-up of automobiles when ac- 
celerating through the gearshift and of the retardation 
of automobiles with different pressures on the foot brake. 
Direct-Reading Accelerometer Using the Gyroscopic 
Principle—A direct-reading indicating-accelerometer can 
be constructed by applying an electric generator to the 
gimbal-ring axis. If the shaft supporting the gimbal-ring 
be extended and caused to move electrical conductors 
in a magnetic field in the same way that an armature is 
rotated between field magnets, a voltage will be generated 
that is proportional to the rate at which the conductor 
is moved through the field. The voltage is proportional 
to the acceleration, and by calibrating a voltmeter in terms 
of the corresponding acceleration we have a direct-reading 
accelerometer. This arrangement can be applied to read 
either angular or linear acceleration with the corresponding 
arrangement of the recorder as before described. 
Integration Extends Usefulness of Instrument.—In mak- 
ing road-tests of automobiles, reading the total of all ac- 
celerations encountered in a given run may be desirable. 
Since we can have an electric circuit in which the voltage 
is proportional to the acceleration, we can cause the cur- 
rent thus induced to produce, by electrolysis, a proportional 
volume of gas that can be measured in a graduated con- 
tainer. Other forms of. integrating electrical meter can 
also be used. 
When investigating the effectiveness of shock-absorber 
equipment, measuring the total number of times a given 
angular velocity is encountered in a road-test may be de- 


(Concluded on p. 416) 
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Night Flying with Mail, Express 
and Passengers 





By W. FE. Boerne’ 








h IGHT FLYING by air transport companies, 
operating over established airways on regular 
schedules, takes on added significance each year 

because of the substantial increase in the dusk-to-dawn 
flying. All air-mail contractors realize that their per- 
centage of night flying will increase rather than de- 
crease, because air-mail planes must move their loads 
at night just as trains now transport the bulk of transit 
mail during darkness. The airplane is rapidly becoming 
an integral part of our National transportation and 
communication network because it is faster than any 
other known form of transport and is becoming de- 
pendable. To obtain complete benefits of air transport, 
we must fly at night as well as by day. That fact was 
demonstrated several years ago when the public, while 
appreciative of the movement of air mail in the daytime 
and by train at night, did not patronize it to any great 
extent until continuous flight was inaugurated on the 
transcontinental route, which carries more than half 
of the Country’s air mail. 

The United States leads all Europe in mileage flown 
at night; in fact, the Boeing System, on its transcon- 
tinental and Pacific Coast air-mail, express and pas- 
senger lines, flies more miles at night than are flown 
at night in all Europe. This system recently observed 
the flying of its six-millionth mile, of which total ap- 
proximately one-half was flown at night. At present, 
our two companies, operating over the two longest 
routes in the United States, are flying approximately 
10,000 miles per day, of which approximately 4600 miles 
is in darkness. We are able to maintain what we be- 
lieve to be a remarkable performance record, in view of 
flying conditions encountered over such long routes and 
against such great variation in climate and altitude. 


Progress Made in Airway Lighting 


Figures just released by the Department of Com- 
merce show that approximately 12,500 miles of airways 
will be lighted by June 30, 1929, and the Department, 
which has done such splendid work in the promotion of 
aeronautics, is pushing installation of its lighting sys- 
tem as rapidly as appropriations permit. Only a few 
years ago this Nation could not boast of a single 
lighted airway, but the progress made in the last few 
years in lighting airways and emergency fields indicates 
that soon all the major airways of the Nation will be 
equipped for night flying. 

The operators have not overcome all of the obstacles 
presented by night flying but, in view of the difficulties 
that have been overcome, we can truthfully say that, as 
far as the airplane manufacturer and operator are con- 
cerned, the words “it cannot be done” have been stricken 


1Chairman of the board, Boeing Airplane Co., Boeing Air 
Transport, Inc., Pacific Air Transport, and United Aircraft & 
Transport Corp., Seattle 
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from their lexicon. Lighting equipment used on the air- 
ways now flown by the air-mail operators falls into 
four classes: 
(1) Terminals 
(2) Emergency landing-fields 
(3) Between emergency fields, commonly referred to 
as beacon lighting 

(4) Course markers, commonly known as blinkers, 
which are placed on certain routes as close as 
3 miles apart. 

In April of this year the Department of Commerce 
virtually completed the lighting of the transcontinental 
air-mail route between New York City and San Fran- 
cisco, which incidentally is the longest lighted airway 
in the world. On this 2700-mile span of plain and 
mountain between the two seaboards, are 16 airports 
that receive calls at night from the mail-planes; also 
111 emergency fields, which are lighted, and 232 24-in. 
revolving beacons and 529 blinker lights. Thus, the 
combination of regular and emergency landing-fields 
and lights gives the transcontinental night flyer 887 
individual lighted aids to air navigation. The policy 
is to install lights so that a flashing beacon will be lo- 
cated every 10 miles or less, and because of visibility 
at elevations this virtually gives the flyer an illu- 
minating system that he can see continuously, provided 
the weather is right. The total estimated cost of light- 
ing the transcontinental route was approximately $850,- 
000, based on the present installation averaging about 
$315 per mile. The expense of lighting emergency fields 
averages about $5,000, revolving beacons $2,000 each, 
and acetylene blinkers, which are often spotted at 3- 
mile intervals, $750 each. 

When the air-mail service first started, the Post 
Office Department was forced to use ordinary lanterns 
for boundary lights but found that a high windstorm 
put them out of commission and the rain cracked the 
globes. Pilots sometimes were forced to land at a time 
when the lights were out. That situation convinced 
the Post Office Department of a need for a better sys- 
tem at airports, and today, under direction of the De- 
partment of Commerce, many airports have been made 
available for safe landing, both night and day. On 
main routes it has provided intermediate emergency 
fields every 30 miles. 

Some of the lessons which the air-mail operators have 
learned from flying several million miles at night are: 


(1) The candlepower and spacing of lights, as well as 
location of intermediate landing-fields, should be 
determined in conjunction with the study of 
weather conditions on particular airway routes. 

(2) The revolving beacon is far superior to the orig- 
inal hand-controlled beacon. The purpose of a 
beacon is to guide the flyer along the route and 
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to show him the location of main and emer- 
gency fields. If beacons have a flash lasting 
for a small fraction of a second, they are read- 
ily distinguished from the headlight of a 
moving train or automobile. Sometimes pilots 


with the revolutions of the beacon, serving to keep the 
pilot on his course, and the flashes indicate the number 
of the beacon along the airway. 

Boundary lights are generally installed not more than 

: 250 ft. apart around the border of the field. Those 

bins 4 confused by the light of a farmhouse near obstructions are equipped with red-glass globes. 
which appeared as a flash when viewed through : . 
one Operators have found that certain systems in flood- 
lighting give an airport almost as much light as there 
is in the daytime. A recent improvement is the twin 
floodlight, and more than one of these should be in- 
stalled because airplanes must land into the wind. 
While a pilot can land facing directly into the light 
beam, this is not desirable. 


(3) Beacons of comparatively small candlepower 
placed at close intervals are more desirable 
than high-powered beacons at greater intervals. 
Visibility range varies with candlepower inten- 
sity of the beacons. Rate of increase of visi- 


bility is substantially less than the rate of in- 
O 


crease of the beacon 
candlepower. Increas- 
ing the illumination 
50 times, from 50,000 
to 2,500,000 ep., in- 
creases the visibility 

range only 6 miles. 
Some of the original bea- 
cons were placed so that 
they could not be seen unless 
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The United States leads all Europe in mileage 
flown at night, one system alone flying more 
miles than are flown on that entire continent. 

On the 2700-mile span between the Atlantic 
and Pacific seaboards, 887 individual lighted 
aids to air navigation give the pilot flying at 
night a continuously visible illuminating system. 


The airplane builder has 
learned many things from 
night flying. He found that 
the standard instrument- 
boards that were first in- 
stalled were not suitable. In 
the daytime one glance 
would tell the pilot what he 
wanted to know quickly, but 
at night such was not the 






e the pilot was directly on his The standard 24-in. rotating beacon for air- case. The result was a sub- 
il course, and the usefulness of ports delivers 7,000,000 beam cp. with a 3-deg. stantial change in our in- 
- a _beacon is partly deter- beam in one type and 2,300,00 beam cp. with a strument boards. We found 
y mined by its attraction of 5-deg. beam in another and is distinguished that, from a standpoint of 
d the flyer who is off his line from other lights by intensity, motion or color or cleanness of design, landing- 
8 of travel. In mountainous cisabinndihiien uf tenie. lights should be retracted, 
oO country, where the emer- Radiophones and directional radio-beacons and, by providing landing- 
a. gency field is located some- constitute the block system of the air and put lights controllable individ- 
te tumes on lower ground, lo- the pilot in closer touch with the operating ually by the pilot and re- 
is cating the beacon light on a department than are the engineers on railroad tractable within the wings, 
higher elevation is wise. trains. One pilot can talk to another 175 miles we eliminated drag and 
Y Beacons must be mounted 50 away or to a ground station 200 miles distant added 3 or 4 m.p.h. to the 
a that their light will not and can hear the dispatcher better when 12,000 speed, making possible the 
y be obscured by surrounding du: lev tie ote thane 100 &. use of large, adequate lights 
l- mountains or hills. The American has a speed complex when without offering wind resis- 
-d The survey made by the transportation, either of persons or goods, is in- tance when not in use. We 
t- Post Office Department, volved. Maximum speed of air transport neces- have also obtained a sepa- 
),- when it was making recom- sitates making night flying as common and as rate adjustment for our two 
it mendations on a lighting safe as day flying; a goal that is being attained landing-lights so that one 
is system, stressed the point : light can shine _ straight 
h, : that a beacon should flash ahead while the other, under 
2. often enough to enable the the pilot’s control, searches 
| pilot to locate it readily. In the ground. 
st the original installation of 24-in. beacons, the drum re- The night-flying equipment of our airplanes also in- 
ns volves at 6 r.p.m., giving a flash every 10 sec. When _ cludes two parachute flares, which are equipped with a 
m beacons are used at points where no landing-field is release mechanism of special design, eliminating the 
he available, they should be distinguished from those mark- usual shields outside of the fuselage. This makes pos- 
ne ing possible landing-fields. As airways increase to the _ sible the positive and automatic release of the flares and 
ad | extent that some may cross others, beacons that flash a _curtails the possibility of fire if the flare is tripped and 
s- distinctive code may be necessary. does not actually clear the body of the ship. The ex- 
je- . wositts tended exhaust pipe is of sufficient length to cool the 
de Airport Lighting gases before they escape, thus preventing the glare of 
yn | Airport illumination has progressed rapidly in the the exhaust from constituting a hazard in night flying 
cy | last few years. The 24-in. rotating beacon, now in use by blinding the pilot. 
at many airports, is distinguished from other lights by * - 
ve intensity, motion or color, or combinations of these. Ractephenes 


One beacon delivers approximately 7,000,000 beam cp. 
with a 3-deg. beam, and another 2,300,000 beam ep. 
with a 5-deg. beam. The rotating mechanism of the 
beacon is housed in the base and consists of a motor ar- 
ranged to turn the beacon at 6 r.p.m., the standard 
speed of rotation for beacons on airways and at air- 
ports. This beacon also contains a flashing mechanism 
for “on-course lights,” which synchronizes their flashes 


While the above-mentioned airplane-aids to night 
navigation are important, the recent success with the 
radiophone marks another step forward in the effort 
to whip fog, which, with darkness, presents a combina- 
tion flyers do not like to combat. Telephone communi- 
cation between the pilot and the ground and between 
airplanes in flight, long a dream of the aeronautic 
world, has been perfected by our engineers, in conjunc- 
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tion with the Department of Commerce and radio-equip- 
ment firms, to the point that we can predict its use by 
air lines in the future.. It is already in use on the West- 
ern division of the transcontinental air-mail route. Our 
pilots can receive weather reports and dispatching or- 
ders, be told at what points they can get through fog or 
bad weather, informed of the position of other airplanes 
on their course and warned against storm zones. Pi- 
lots can talk with the ground dispatcher up to a distance 
of 200 miles, and pilots on two airplanes as far apart 
as 175 miles can telephone to each other. It is simply a 
case, now, of talk or listen. 

The radiophone is invaluable to night flying. It adds 
much to the safety of flying, reduces the number of 
emergency landings due to uncertainty as to weather 
ahead, enables pilots on regular routes to complete a 
larger number of scheduled trips on time and increases 
the pay-load of mail, express and passengers by reduc- 
ing the weight of excess gasoline now carried to give 
the pilot ample cruising radius when he is uncertain 
as to weather. The radiophone is also of considerable 
value in dispatching airplanes and giving orders to 
pilots in the air. 

Some interesting facts on the airplane-ground ser- 
vice, reported by our engineers, who regard the radio- 
phone as a distinct aid to night flying, are: 

(1) Radiophone and the directional beacons make up 
the block system of the air. They put the pilot 
in closer touch with the operating department 
than are engineers on trains. 

(2) The pilot can hear the ground operator at 12,000- 
ft. altitude better than at 100 ft., because he 
misses ground absorption. 

(3) The entire equipment is nearly automatic in 
operation. No adjustment on the part of the 
pilot, who simply plugs in and talks or listens, is 
required. 


Under this system, travelers in Boeing passenger 
transports can talk to city numbers by calling a ter- 
minal station and asking to be connected with any other 
number. But this will not be done immediately, for the 
Department of Commerce permit stipulates that only 
radiophone messages dealing with the operation of 
airplanes and the protection of life and equipment shall 
be sent. 


Directive Radio-Beacons 


An additional night-flying aid, which has recently 
been developed to a point of efficiency, is the directive 
radio-beacon which is now being used along the trans- 
continental route. Thus, airplanes will have not only 
the newly announced radiophone service, giving voice 
communication between air and ground, but also the 
advantage of the directive radio-beacon system and the 
weather reporting service maintained on the air net- 
work by the Department of Commerce. 

A radio beam is broadcast by transmitters known as 
equi-signal beacons. Transmitters employ two cross 
loops, radiating a characteristic - and — signal. When 
dots and dashes blend into a continuous series of — —, 
the pilot knows he is on the course fixed by the beacon. 
If he hears - —, he knows he is to the left of his true 
course, and when he hears — ., he learns he is to the 
right. 
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In fog or bad weather, our pilots, with the directive- 
radio system, will be able to determine the proximity of 
an airport by the narrowing path of a radio beam. In- 
tensity of signals is another sign of approach to the ter- 
minal. A marker that sends a vigorous signal heard 
through the course signals informs him that he is above 
the field. 

The Department of Commerce plans to have these 
directional beacons placed every 200 miles. After leav- 
ing an airport, the pilot follows the course indicated by 
the directional apparatus of that station until half way 
to the next, when the beacon at the field of his destina- 
tion becomes effective. He follows that beam, as shown 
on his receiving set, to a schedule stop. The Govern- 
ment radio-beacon and weather reporting service as well 
as the radiophone messages can be received with the 
equipment installed on our airplanes. 


Predictions for the Future 


Some electrical engineers have been optimistic enough 
to predict that in a few years airplanes can be landed at 
night and in dense fog, with comparative safety, by 
radio control. That remains to be seen, but the 
prophecy is that later on we shall fly at night in foggy 
weather. 

Commercial air-transport is only two years old and 
its future is best gaged by the progress of the last two 
years. A Government official recently predicted that 
shortly all first-class mail will be carried by air between 
certain cities, and that all cities of 50,000 or more will 
be on the air-mail network. 

The day of large transports for high-class express 
shipments, requiring emergency and speedy handling, 
is not far away. The linking of major cities by multi- 
ple-engine passenger transports is already well under 
way, and, with the experience we have gained in the last 
two years, we can start building for a comprehensive 
program of transporting passengers, as well as mail and 
express, on a large scale through the air. 

The operations of the last two years prove that we 
cannot only do night flying successfully, but that we can 
change some of our operating practices. Until recently, 
our company had been flying its airplanes on its trans- 
continental route in laps of 400 miles. Now, because of 
improved engines and equipment and wider operating 
experience, we have increased this distance to approxi- 
mately 900 miles, thus getting more efficiency out of 
a given amount of equipment without any sacrifice in 
safety. 

The lessons we have learned are invaluable because 
the industry is heading into an era of expansion that 
will dictate the everyday use of aircraft in a larger 
movement of not only mail and express, as In the past, 
but of passengers. The passenger transports of the 


future will be larger, faster and more comfortable than . 


were dreamed of a few years ago. Transports that will 
carry from 18 to 30 persons are being built, and air- 
planes with operating schedules of 150 m.p.h. and more 
are in the minds of conservative aeronautic engineers. 
The American has a complex for rapid handling not 
only of his own person but of his goods. To give him 
the maximum speed of air transport will require us to 
make night flying as common and as safe as day flying. 
We are approaching that goal. 
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Reducing Transportation Cost by 
Means of Engine Design 


By E. J. Hatt! 


NorTHERN CALIFORNIA SECTION PAPER 


HE 4% x 5'-in. six-cylinder motorcoach engine 

built by his company is used by the author as 
an example of the methods governing its design, the 
main controlling factors being that regularly re- 
curring maintenance operations should come in groups, 
so that the operator can systematize his shop-work; 
that all units should be interchangeable; that any 
operation should be completed by a trained crew in a 
maximum time of 2 hr.; and that removal of the 
engine from the chassis should almost never be neces- 
sary except for work on the main bearings and for 
crankshaft regrinding. 

Some of the engineering features that illustrate the 
adherence to these governing principles in working 
out details of design are the cylinder-head unit, com- 
plete with valves, camshaft, valve-operating mecha- 
nism and governor, which is interchangeable on all 
engines of a given series; interchangeable cylinder- 


ROADLY classified, the fundamental motor- 
vehicle operation-cost items include those for 
gasoline and oil; for maintenance, including 

labor for inspection, lubrication and repairs, and the 
cost of replacement parts; and for time losses caused 
by road failures and faulty design which interferes 
with rapid maintenance work. 

In designing the 4144 x 5'-in. six-cylinder motor- 
coach engine which I shall use as an example, we kept 
these three factors in mind, together with the perform- 
ance ability needed for a motorcoach powerplant. Our 
aim was to design it so that the regularly recurring 
maintenance operations would come in groups and the 
operator could systematize his shopwork, all units would 
be interchangeable, any operation could be completed 
by a trained crew in a maximum time of 2 hr., and prac- 
tically no occasion would arise for removal of the en- 
gine from the chassis except for work on the main 
bearings and for crankshaft regrinding. The design 
was also controlled by the idea that the engine should 
run 100,000 miles with a 4-to-1 gear-ratio before major 
maintenance-operations are required, and we have grad- 
ually been approaching this objective more closely. 

Fig. 1 shows how the engine parts are assembled. 
We have to our credit about 160,000,000 miles per year 
of operation with this engine in revenue-producing mo- 
torcoach-service, and I shall point out some of the en- 
gineering features which have made it successful and 


1M.S.A.E.-—Vice-president in charge of production and engineer- 
ing, Hall-Scott Motor Car Co., Berkeley, Calif. 
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blocks merely clamped between the crankcase and the 
cylinder-head; absence of bosses on the cylinder-bar- 
rels and extension of studs from the crankcase en- 
tirely through the cylinder-block to the cylinder-head ; 
connecting-rods and pistons removable through hand- 
holes below each two adjacent cylinders; a force-feed 
lubricating system which includes an oil-filter and a 
system for distilling diluent out of the oil, which is 
circulated over the cylinder-head; and a two-way 
carbureter air-intake for taking air at atmospheric 
temperature from outside the engine hood or, in cold 
weather, from an exhaust stove. 

The author gives his reasons for preferring the 
overhead-valve engine for motorcoach service, de- 
scribes the special pistons used and the connecting- 
rod production processes, and makes statements 
regarding the quality of the materials used in the 
more important parts of the engine. 


that illustrate the method by which we worked out 
the details of design. 

The cylinder-head is a complete unit containing the 
valves, camshaft, rocker-arms, rocker-arm shaft and 
governor, and is interchangeable on all engines of a 
given series. By carrying an extra cylinder-head as- 
sembly in stock, the owner of a fleet of motorcoaches 
using these engines can handle all valve grinding 
leisurely. Two mechanics can remove a cylinder-head 
and replace it with the extra reconditioned head in 
slightly more than an hour, and the valves which need 
grinding can then be reconditioned on the bench and 
the head placed in stock. This means great maintenance 
economy; the work not only fits more easily into the 
shop program, but delay is minimized. 

The cylinder-block also was designed for interchange- 
ability. It is as simple as possible so that, in servicing, 
a worn block can be replaced by a new one and the old 
block reground later. As this block is simple and in- 
expensive, it is about as cheap to scrap the old block 
and substitute a new one as to grind the cylinders in 
an old block. This makes it possible to stock only one 
size of pistons and rings, thus effecting a considerable 
saving in parts inventory and eliminating certain 
possibilities of error. 

The foregoing illustrates our idea in designing the 
engine so that all possible maintenance operations can 
be carried on without removing the engine from the 
chassis. It sounds well to advocate having a spare 
engine ready to substitute, but it is much better not to 
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Fic. 1—HALuL-ScotT MOTORCOACH ENGINE, SHOWING HOW THE PARTS 


ARE ASSEMBLED 


take the engine out of the chassis, as a most frequent 
cause of road failure is the disturbance of the connec- 
tions of gasoline-lines, wiring and other parts when 
the engine is removed. 


Details of the Lubrication System 


The method of lubrication is important in this type 
of engine. Splash feed was not suitable because the 
orginal viscosity of the oil for a splash-feed-type engine 
is too low to provide a sufficient margin of safety from 
dilution by fuel or thinning out due to heat, and on 
a motorcoach engine it is important to be able to use 
an oil-filter; therefore the engine was designed to 
operate with force-feed lubrication. We use a con- 
ventional oil-sump provided with a strainer, and an oil- 
pump located on the front of the crankcase where 
it is easily removable as a unit. From the sump, the 
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Fic. 2—COMPARISON OF LUBRICATING METHODS 





(Left) Snlash Feed, (Center) Conventional Pressure Feed to 
Main and Connecting-Rod Bearings, (Right) Hall-Scott Overhead- 
Lustil.a n Lub ition 
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of the 


ings and 


chain 


neath the 


territory. 


that we 

per ceni, 
provides a 
satisfactory factor 
of safety. Fig. 2 
compares the splash- 
feed, the conven- 
tional pressure-feed 
to main and connect- 
ing-rod bearings, 
and the Hall-Scott 
overhead-distillation 
types of lubrication. 
The valves and valve 
guides in our system 
project through the 


abcut 5 
which 


oil, thus not only 
supplying the re- 
quisite amount of 
lubrication for the 


valve stems but also 
providing an addi- 
tional cooling me- 
dium. 

Fig. 3 shows the 
oil-filter, composed 
of felt discs held to- 
gether under pres- 
sure. The oil enters 
the outside casing 
from the pump, 
which forces it 
through the edge 
grain of the felt 
disc and thence to 








main 


oil-line 


cover 


Fic. 3—OIL-FILTER DEV 
THE ENGINE 
The Filter Is Composed 
Held Together under Pres 
Enters the Outside Casir 
Pump, Which Forces It 
Edge Grain of the Felt 


Thence 


to 


to 


to 


the 


thence, 


7 
to 


dilution to 


the 





after 


12 rear 
escapes through a second breather. 
the oil is heated while passing over the hot 
engine-head and is aerated while flowing back 
to the sump, the fuel which dilutes it is va- 
porized and carried away with the air passing 
out from the upper breather. To 
percentage of dilution, the water-jacket is cut 
down sufficiently to maintain the oil at a tem- 
perature which will cause the desired amount 
of diluent to pass off into the air. 
mended period for oil drainage is after each 
5000 miles of operation. 

This overhead distillation system to remove 
diluent resulted from tests made over a wide 
A few engines equipped with it 
were built and, after lubrication tests made 
throughout the Country, it was developed so 
can control the 


Engine 


escapin 


end, 





oil is pumped through the filter to all main 
and connecting-rod bearings and from the end 
cylinder-head 
through the camshaft and rocker-arm bear- 
governor ; 
from these bearings, the oil accumulates to a 
certain level in a trough in the head, spilis 
off of the front of the head and down over the 
and finally reaches the sump. 

For ventilation, air is admitted through a 
breather contained in the generator mounting. 
This air circulates in the crankcase, passes 
up through the chain housing, back under- 
valve 
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the engine bearings. This felt becomes stopped-up in 
time, but the filter actually works better as the carbon 
starts to build up on the outside of the felt cartridge. 
The carbon, being very porous, offers no resistance 
to the oil under normal conditions, and the filter ceases 
to function normally only when the space between the 
felt and the outer casing becomes completely filled. 
We expect the filter to be cleaned out before this con- 
dition, is reached; but, to guard against neglect, a 
small by-pass valve set to operate at a pressure of 
3 lb. per sq. in. is provided. 

In developing this filter we first put the delivery 
pipe up near the top, but found that the ideal way 
was to insert the delivery pipe about at the base of 
the filtering element so that, when the 
engine is stopped for a considerable 
time, the oil drains down to the level 
of the pipe; then, by properly design- 
ing the filter, instead of forcing all the 
dirt from the sump through the bear- 
ings, it is pumped with the oil into 
another sump in the base of the filter, 
where it settles and can be readily re- 
moved. 


REDUCING TRANSPORTATION COST 


Fig. 5. 
shoe 
rectly on 
cam. 
proved satisfac- 
tory, and so far 
we have had no 
need to change 
this type of 
mechanism. Be- 
sides 
ing wear, it 
eliminates 
push-rods, 


A wide 
bears di- 
the 
This has 
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Fic. 5—CYLINDER-HEAD UNIT AND A CLOSE VIEW OF CAMSHAFT AND ROCKER- 


Accessibility Featured 


To avoid removing the lower crankcase and to reduce 
the maintenance cost, a hand-hole covered with a plate 
is provided below each two adjacent cylinders. The 
pistons and connecting-rods can be removed from and 
replaced in the engine through the hand-holes, as shown 
in Fig. 4; and through them the main bearings can 
be tightened if necessary, although ordinarily it is 
better to fit undersized bearings. Having the hand- 
holes located in the bottom of the crankcase eliminates 
the danger that dirt will enter when repair work is 
being done. 

Details of the cylinder-head unit and a close view of 
the camshaft and rocker-arm mechanism are shown in 





Fic. 4—PISTONS AND CONNECTING-Rops ARE REMOVED AND 
INSERTED THROUGH HAND-HOLES IN THE BOTTOM OF THE 
CRANKCASE BELOW EACH Two CYLINDERS 


ARM MECHANISM 


clean installation, and operates the valve mechanism 
quietly because there is no chance for the block to ex- 
pand faster than the push-rods do and thus increase 
the gaps. 

Because of the low insurance-rate on the early motor- 
coaches if equipped with governors, we developed a 
completely self-contained governor with which a driver 
could not tamper because it was sealed. It is located 
in the cylinder-head, has no wearing parts, is thorough- 
ly lubricated and has worked out very well; however, 
I think a governor on a motorcoach engine is going 


out of the picture because of present traffic conditions. 


The vehicle is much safer without a governor, because, 





Fic. 6—CYLINDER-BLOCK OF THE HALL-ScoTT ENGINE 


Ideas Governing the Design Were To Have No Bosses on the 
Cylinder-Barrels, Thus Avoiding Stress and Distortion Due to 
Non-Uniformity of Cylinder-Wall Thickness: To Have the Studs 
Which Hold the Crankcase, Cylinder-Block and Cylinder-Head 
Together Extend Entirely Through the Block, so No Strain Would 
Be on the Cylinder-Barrels by Uneven Pressure from Those 
Sources ; and To Eliminate All Valves and Other Expensive Parts 
Which Would Be Thrown Away if the Block Were Scrapped. 
The Block Can Be Produced Inexpensively and, as It Is Merely 
Clamped between the Cylinder-Head and Crankcase, Is Easy To 
Remove 


ay, 






























































Vol. XXV 


October, 1929 


No. 4 





370 Ss. A. E. JOURNAL 





if an attempt is made to pass another car on the road 
and its driver speeds it up, a bad accident may result 
if the governor cuts off the power of the motorcoach. 
There may be types of operation in which a governor 
is desirable, but for intercity work we feel that a gov- 
ernor is becoming undesirable. 

Fig. 6 shows the cylinder-block, which was care- 
fully designed to reduce the cost of cylinder replace- 
ment. It is now being made of chromium-nickel cast- 
iron. Cylinders will wear out, no matter what kind 
of material is used, and their cost must be balanced 
between the original cost of the block and the mileage 
it will give. Service reports show that no benefit re- 
sults from making it of better material that costs more 
per mile, and this is the basis of its design because we 
are fighting all the time against increased cost per mile 
of operation. 

The ideas governing the design of this block were to 
have no bosses attached to the cylinder-barrel and thus 
eliminate stress and distortion due to non-uniformity 





Fic. 7—THE PISTON AND CONNECTING-ROD 


The Extremely Heavy Section Shown in the Cut-Away View 
Dissipates Heat Rapidly and the Fins Prevent Cracking of the 
Pistons by Changes in Temperature on the Side of the Piston 


of cylinder-wall thickness; to have the studs which 
hold the crankcase, cylinder-block and cylinder-head 
together extend entirely through the block so that there 
would be no strain on the cylinder-barrels on account 
of uneven pressure from this source; and to eliminate 
all valves and other expensive parts which would be 
thrown away if the block were scrapped. The block 
can be produced inexpensively and, since it is merely 
clamped between the cylinder-head and the crankcase, 
its removal is easily accomplished. All cylinder-blocks 
are interchangeable, and the design has met our ex- 
pectations in every way. A subsidiary of the London 
General Omnibus Co. has recently brought out an en- 
gine having a cylinder-block which almost duplicates 
our own, and that company believes this type sub- 
stantially reduces its cost of operation. 

We have devoted much study to the subject of crank- 
shafts. The reason we do not increase the size of our 
motorcoach crankshafts is that there is a limit to the 
peripheral speed at which crankshaft-bearings should 
be operated. After studying the matter closely, we find 
several difficulties inherent in the large shaft, the prin- 
cipal one being the distortion due to centrifugal force. 
Unless a large crankshaft is counterbalanced, one can- 
not build a crankcase that will hold it under operating 
conditions and severe service is imposed on the bear- 
ings. If counterbalances are used, they increase the 
service cost as well as the total weight, and to carry 
extra weight is costly. So, as we analyze it, the only 
thing achieved by using a larger crankshaft is extra 
expense. We have therefore followed a policy of using 


better material, providing sufficient bearing-area and 
limiting the size, rather than trying to use cheaper 
material and large diameter. Some motorcoach en- 
gines now have oversized crankshafts; this may be 
necessary for rigidity in an eight-cylinder engine but 
we do not think it advisable for a six-cylinder engine. 


Pistons and Piston Assembly 


The piston in a motorcoach engine probably is sub- 
jected to greater punishment than any other part. To 
obtain the mileage that we expect from a piston in 
motorcoach service, the piston must be entirely different 
from an automobile-engine piston. The engine of the 
average automobile pulls about 17 lb. per cu. in. of 
piston displacement under full load, but a motorcoach 
engine must pull about 40 lb. per cu. in. of displace- 
ment and the engine runs at a higher speed. From 
a heat-dissipating consideration, the piston for a mo- 
torcoach engine must be much heavier even than one 
for an aircraft engine, as it must endure extreme con- 
ditions of heat. 

Fig. 7 shows the piston which has given us the best 
service in motorcoach engines, the cut-away piston 
resting on the connecting-rod making evident the ex- 
tremely heavy section for the rapid dissipation of heat 
and the ribs to prevent the piston from cracking due 
to the change in temperature on the side of the piston. 
The slotted-skirt or constant-clearance type has a much 
longer life than the solid-skirt type, because the form- 
er can be fitted much more closely when new than can 
the latter without danger of seizing, and this provides 
a greater amount of metal to be worn off before the 
piston need be discarded. 

We developed our present type of piston-pin con- 
struction for airplane engines many years ago. We 
found that, if the pin is floated in both the piston and 
the top of the connecting-rod, it acts as a ball joint 
and provides much greater flexibility of alignment. 
Normal clearance there will allow for a slight variance, 
the piston will rub itself into place, and the engine can 
be run under full power much more quickly than with 
other types of construction. Another feature is our 
piston-pin lock, which prevents cylinder-scoring. The 
gas pressure at the sides of the piston tends to hold the 
lock in place and, normally, it never comes out against 
the cylinder-wall. A lock of this shape with a hole 
through its center also gives good lubrication, as a 
certain amount of oil flows through the hole and keeps 
the end of the piston-pin immersed in oil. 

Regarding piston-rings and piston-ring trouble, we 
first used three rings, but after about 15,000 miles of 
operation oil-pumping developed. Analysis showed 
that three rings could not possibly give the mileage we 
desired, that the rings were too wide, and that the 
inertia effects of the cast-iron ring working in an 
aluminum piston caused the rings to wear the grooves. 
We therefore decided to use six rings of half the former 
width, but found it difficult to persuade the manufac- 
turers to develop the narrower ring. Piston-ring seal 
is largely a matter of unit pressure, which is less for 
narrow than for wide rings. The greater number of 
narrow rings caused the mileage to increase and we 
finally adopted five rings above the piston-pin and a 
scraper ring at the bottom, the last enabling us to carry 
higher oil-pressure to supply the bearings and other 
parts of the engine. Except for present high oil-pres- 
sure requirements, we could eliminate the scraper ring. 
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In our piston-ring assembly, the three lower rings 
are under-cut at a very steep angle, the idea being to 
maintain the same unit pressure throughout the life 
of the ring. As the ring wears down, the ring width 
bearing on the cylinder-barrel becomes narrower; the 
width is calculated to decrease in direct ratio to the 
decrease in tension which accompanies the wear so 
that the unit pressure remains constant. This allows 
the rings to control the oil over a longer period without 
oil-pumping or over-oiling, and avoids the necessity 
for using slotted rings. 


Connecting-Rods and Caps 


Our motorcoach-engine connecting-rod is of chro- 
mium-nickel steel, heat-treated to give extremely high 
physical properties, and experience dictates certain fea- 
tures of its design to give it uniform ability to with- 
stand the stresses imposed on it. A rod designed from 
calculations alone may seem perfect but will break on 
account of unforeseen stresses at certain spots which 
the calculations fail to indicate. For example, our mo- 
torcoach-engine connecting-rod will hold up a 25,000-lb. 
weight, but if the weight is increased a few pounds the 
rod and the bolts will begin to stretch. The rod will 
stretch fairly uniformly, except at the point at which 
experience shows us breakage due to the inertia forces 





FIG. 8—MACHINE DESIGNED TO FINISH-BORE THE CONNECT- 
ING-RODS WITH DIAMOND CUTTERS 


The Connecting-Rod, with the Bearing Shells and Bushings in 

Place, Is Fitted into the Machine and Clamped, the Large and 

Small Ends Being Located by the Two Plugs Near the Upper 

Right and Left Corners of the Machine. The Two Holes Are 

Bored Simultaneously. The Small-End Hole Passes Inspection 

with 0.0002-In. Tolerance and the Large-End Hole is Allowed a 
Tolerance of 0.0003 In. 


generally occurs. When the engine becomes overheated 
the bolts cause stress in the rod at that point and 
crystallize it. 

Our _ standard 

practice of manu- 
facture for motor- 
coach-engine con- 
necting -rods_ dif- 
fers from that for 
automobiles. Al] 
the rods and the 
caps are made in- 
terchangeable. The 
rods are machined 
down to one or the 
other of two stand- 
ard weights and 
are stamped plain- 
ly so that an oper- 
ator can carry both 
weights in stock. 
Each rod is 
weighed on _ two 
scales, one end 
resting on one 
scale and the other 
end on the second 
scale. It is brought 
to a certain center 
of gravity and a 
certain total 
weight, andis 
weighed again in Fis. 9 
the final check-up. 
The forgings have bosses projecting from each end to 
provide excess material which can be milled off to pro- 
vide the desired weight on each end and, consequent- 
ly, the correct center of gravity and total weight. 

In machining the rods, the bores must be in align- 
ment before the bearings are installed so that the rods 
and caps will be interchangeable. The rod is machined 
without the cap so that the big end of any rod will 
match up with any cap. To make perfect alignment 
certain in case the operator ever has to service the rod, 
each end is bored in a series of operations to avoid the 
distortion that would inevitably be present if an at- 
tempt were made to bore the hole all out in a single 
operation. Finally, a cap which does not belong to 
the rod is assembled with it. This end is ground in- 
stead of being bored, the alignment being determined 
from the accurately finished hole. After the big end 
is ground, we pay no attention to keeping the cap 
paired with the rod. 

The machine shown in Fig. 8 was designed and built 
especially to finish with diamond cutters the final 
boring of these holes. The rod, with the bearing shells 
and bushings in place, is fitted into the machine and 
clamped, the large and the small ends being located by 
the two plugs shown near the upper right and left 
corners of the machine. The two holes are bored simul- 
taneously to reduce production costs and to secure 
parallelism of the eyes. The small-end hole passes 
inspection with 0.0002-in. tolerance, and the large-end 
hole is allowed a tolerance of 0.0003 in. The rods are 
tested, not only for size at both ends, but for parallelism 
in all directions in the big ends and in the piston-pin 
bushings. 





TIMING GEARS AND CHAIN 
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Fic. 10—COMBINATION AIR-CLEANER AND HEAT CONTROL 


A Two-Way Air-Inlet Valve Developed for the Carbureter Has 
One Side Opening through the Side of the Hood and the Other 
Connecting with a Hot-Air Stove along the Exhaust Manifold 


The connecting-rod bolt is of the best steel we can 
get for that purpose, is shaped in an automatic machine 
and heat-treated in the unthreaded condition. It needs 
to have a tensile strength of more than 100,000 lb. 
per sq. in. and must be so tough that it can be bent 
almost double without breaking. The bolt bodies are 
ground in a centerless grinder, thus getting rid of any 
quenching cracks, and then threaded and tested in a 
machine of our own design in which a weight is dropped 
from a certain height on to the connecting-rod bolt, 
which is fitted with a nut and placed in a fixture below 
the weight. The bolt must withstand a specified num- 
ber of blows to pass inspection; a given percentage 
from every heat is broken in this machine to make 
sure that we get the quality we want. 


Timing Sprockets and Chain 


We found that, to get high mileage, we must elimi- 
nate all small sprockets in the timing layout, shown in 
Fig. 9. The maximum peripheral speed to give the 
chain and sprockets the longest life was determined 
by experimentation. Each of the three sprockets has 
27 teeth and is of nickel steel, case-hardened. There 
are no reverse bends in the chain. A chain wears ac- 
cording to the amount of bending which takes place as 
it passes over the sprockets, so the sprockets are made 
as large as the limit of peripheral speed will allow. 
The adjustment is by means of a Morse-type tightener, 
and is made from the back side. A hand-hole in the 
top of the chain housing enables a mechanic to reach 
in and feel the chain tension so that he can tell just 
how much to turn the eccentric bushing to make the 
proper chain adjustment. 


Operation in Cold and Heat 


Since motorcoaches must operate every day, regard- 
less of weather conditions, the engine is designed to 
operate efficiently in the minimum winter and maxi- 
mum summer temperatures, say 45 deg. fahr. below 
and 125 deg. fahr. above zero. To prevent the oil in 
the lower crankcase from freezing while the vehicle is 
operating on the road in extremely cold weather, a well 
in the top of the main bearing is provided in which 
the oil is warmed by the heat from the top of the en- 
gine so that at least a small quantity of oil reaches 
the bearings and provides lubrication. At an atmos- 





pheric temperature of 125 deg. fahr. in the Imperial 
Valley, Calif., temperatures as high as 285 deg. fahr. 
exist at the carbureter and all the elements are present 
for the creation of a vicious circle of temperature in- 
creases. The engine heats the water, which heats the 
radiator, which heats the incoming air that enters the 
engine and creates more heat. The temperature there- 
fore continues to increase until the engine loses almost 
all of its power. 

To avoid such a condition, a combination air-cleaner 
and heat control was devised which takes the air from 
outside the hood. We developed a two-way air-inlet 
valve for the carbureter with one side opening through 
the side of the hood and the other connecting with a 
hot-air stove along the exhaust manifold, as shown in 
Fig. 10. By drawing the carbureter air from outside 
the hood at atmospheric temperatures, the radiator 
capacity could be decreased about 25 per cent and the 
engine would run in the desert and in the mountains 
with a maximum loss of only 2. hp. The engine will 
run without loss of power or any damage, even when 
the radiator’ water is boiling continuously, if the air 
is taken from outside the hood at atmospheric tempera- 
ture. 

Our experience is that belt or friction-driven fans 
are not desirable for motorcoach service, so we de- 
veloped a positive fan-drive having parts strong and 
heavy enough so that they do not break. Fig. 11 shows 
the fan end of the engine. The fan spider is large and 
of chromium-nickel steel, heat-treated, and bolted to 
the hub. The fan runs at crankshaft speed and will 
draw the right amount of air through the radiator at 
all speeds. Seven years of experience with this posi- 
tively driven fan convinces us that fan breakage does 
not occur unless the material proves to be faulty. 

We think that 
an overhead- 
valve engine is 
not necessarily 
any more dura- 
ble. than is an L- 
headengine,. be- 
cause engine life 
is largely a mat- 
ter of good de- 
sign and proper 
material; but, 
while both en- 
gines may be 
equally durable, 
certain different 
characteristics 
are inherent in 
the two types. 
The L-head en- 
gine has a 
slightly  differ- 
ent torque char- 
acteristic than 
the overhead- 
valve type. An 
L-head engine 
that will have a 
satisfactory 
brake mean 
effective pres- 
sure at low en- 





Fig. 11—FAN-END VIEW OF THE ENGINE 


A Positive Fan-Drive, the Parts of Which 

Are so Strong and Heavy that They Do Nat 

3reak, Was Developed, as Belt or Friction- 

Driven Fans Were Found To Be Undesir- 
able for Motorcoach Service 
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gine-speeds is not difficult to design, but the power does 
not hold up at the higher speeds as well as it does in 
the overhead-valve type. Our late designs are confined 
to the overhead-valve type because we specialize in 
engines for types of service that demand the maximum 
efficiency. Merely due to design, about 5 per cent bet- 
ter fuel economy can be obtained with the overhead- 
valve type than with the L-head type. 

Although the L-head engine has been improved very 
greatly in late years and, with proper care against 


- overheating, gives excellent performance in automo- 


biles, the overhead-valve engine offers the designer an 
opportunity to get results which have never yet been 
obtained with the L-head type. For example, the L- 
head engine has never made good in airplane work, not 
because it is not a good engine but because the speed 
at which the power is taken off is too high for the 
torque characteristics of the engine. The L-head en- 
gine has good torque up to an engine speed of about 
1000 r.p.m., but the torque decreases at higher speeds. 
On the contrary, the overhead-valve engine will carry 
a satisfactory torque up to an engine speed of 5000 
r.p.m., or even 7000 to 8000 r.p.m. if necessary, the 
latter speeds of course requiring a supercharger. 

The overhead-valve engine has a natural turbulence. 
When the fuel charge is drawn in by the downward 





Prevent Valves Pounding into Valve-Seats 


Cylinder-Head Material 


(Upper Left) Semi-Steel, Which Did Not (Upper Center) Heat-Treated Chromium- 
Nickel Steel Used for the Crankshaft 

(Lower Left) Chromium-Nickel Cast-Iron, (Lower Center) Bearing Composition Con- Pins 
Which Was Substituted for Semi-Steel as taining 75 Per Cent of Copper and 25 Per 
Cent of Lead; A shows the Ideal Structure 
and B the Structure Actually Obtained 
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movement of the piston, the incoming mixture starts 
down the cylinder-bore from one side; the piston re- 
verses, comes up against the fuel mixture, drives it up 
against the cylinder-head and creates a very high de- 
gree of turbulence if the combustion-chamber is proper- 
ly shaped, particularly at high speeds. At low engine- 
speed, the overhead-valve offers practically no advantage 
over the L-head type, which offers a more economical 
construction, but at the greater piston-speeds the fuel 
economy and higher torque of the overhead-valve engine 
are very definite advantages. 


Materials Used for Construction 


The cylinder-heads were formerly of cast semi-steel, 
the grain-structure, enlarged 100 diameters and reduced 
in reproduction to 70 diameters, being shown at the 
upper left in Fig. 12; but we found that heavy motor- 
coach-service demanded better material that would pre- 
vent the valves from pounding into the valve-seats; 
therefore we now use the chromium-nickel cast-iron 
whose grain-structure is shown at the lower left in 
Fig. 12. This new material enables the engine to be 
operated continuously at a much higher temperature 
without the valves pounding into the valve-seats. It 
also is used for the cylinder-blocks. The cost of lapping 
the cylinder-bores of our 4144 x 514-in. motorcoach en- 





Fic. 12—GRAIN STRUCTURES OF CYLINDER-HEAD, CRANKSHAFT, BEARINGS AND PISTON-PIN MATERIALS 
Magnification, 100 Diameters, Reduced in Reproduction to 70 Diameters 


(Upper Right) Structure of Case of Case- 
Hardened Carbon-Steel Used for Piston- 


(Lower Right) Structure of Core of Case- 
Hardened Carbon-Steel Piston-Pins 
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gine is about 8 cents per bore for wear and tear on the 
carborundum hones; only about 0.001 in. is lapped off, 
as the cylinders are bored very accurately before the 
lapping begins. With the semi-steel which we used a 
year ago, the cost was about 1 cent per bore for hones. 

We have found that chromium-nickel steel, heat- 
treated to give suitable physical characteristics and a 
structure of the character shown at the upper center 
in Fig. 12, is the most satisfactory material for motor- 
coach-engine crankshafts. The composition and phys- 
ical characteristics are stated in Table 1. We believe 
that the bearing clearance should be sufficient so that, 
after the engine is run for 48 hr. and the caps are re- 
moved for final inspection, there should be no evidence 
on the bearing to indicate that the crankshaft has made 
contact with it. 

To provide a definite clearance in a bearing is diffi- 
cult. We bore out the bearings in the crankcases to 
a definite size with a diamond tool and grind the 
crankshafts to a definite size; then the crankshaft is 
assembled in the crankcase, putting on only one cap 
at atime. A piece of German silver about 1 in. square 
and of the definite-clearance thickness which we have 
predetermined as being a proper fit is laid between 
the crankshaft and the cap. In this particular engine 
we use 0.0025-in. clearance in the main bearings and 
bolt the cap down. We then proceed to shim the cap 
so that the crankshaft will barely turn while the piece 
of German silver is in place; then the German silver 
piece is removed and the process is repeated for the 
next bearing. In no other way have we been able to 
determine when we had the exact clearance desired. 


TABLE 1—HALL-SCOTT CRANKSHAFT COMPOSITION AND MINI- 
MUM PHYSICAL PROPERTIES 


Chemical Analysis, Per Cent 


Carbon 0.38 to 0.48 (Aim above 0.42) 
Manganese 0.50 to 0.70 (Aim above 0.60) 
Phosphorus 0.04 (Maximum) 
Sulphur 0.04 (Maximum) 
Nickel 1.40 to 1.80 (Aim above 1.60) 
Chromium 0.50 to 0.70 (Aim above 0.60) 


Physical Properties 


Ultimate Strength, lb. per sq. in. 125,000 
Elastic Limit, lb. per sq. in. 110,000 
Elongation in 2 In., per cent 17 
Reduction of Area, per cent 50 
Brinell Hardness 302 
Izod Impact, ft-lb. 40) 


?See S.A.E. HANDBOOK, 1929, p. 379. 
8 See S.A.E. HANDBOOK, 1929, pp. 426, 427. 


The heat-treatment of the crankshaft is somewhat 
unusual, as the steel must be treated in hot water on 
account of the large section; cold water would crack it. 
The shaft is quenched in hot water for a certain number 
of seconds and is then placed in a furnace for 7 hr. te 
obtain a “draw” heat which will give the required hard- 
ness. 

One of the most frequent causes for removing an 
engine from the chassis, an expensive maintenance oper- 
ation, is the failure of babbitt-lined bearings. Experi- 
ments led us to adopt a copper-lead bearing composed 
of 25 per cent of lead and 75 per cent of copper. It 
has no lining or backing, the structure being uniform 
throughout the shell. Its structure is shown at the 
lower center in Fig. 12. Specimen A shows what we 
consider the ideal structure; specimen B shows the 
structure we actually get. We consider it a very good 
bearing which will give from 100,000 to 150,000 miles 
of intercity-motorcoach service without attention. The 
dark portions of the material shown represent the 
lead content. We use the centrifugal method of cast- 
ing. 

Structures of the case and the core of the piston- 
pin, which is made of case-hardened carbon-steel, are 
shown at the upper and lewer right, respectively, in 
Fig. 12. The only reason for making the pin of a 
steel of better grade than usual is to obtain greater 
structural strength and to reduce its weight. 

For the connecting-rods, we use S.A.E. No. 3140 
steel’, heat-treated to get the best possible physical 
properties according to the standard S.A.E. heat- 
treatment chart’. 

So many automotive engines have been built and so 
many experiments have been made that refinements in 
engine construction now develop very slowly. Even a 
slight advance in engine design requires much hard 
work. For example, the matter of temperature con- 
trol in an engine is a difficult problem and, in develop- 
ing a new engine, we must use thermocouples to de- 
termine the best temperatures for both sides of the 
combustion-chamber, for the valves and for the pistons. 
An experimental engine and the perfected model may 
look exactly alike, but a very slight change in tempera- 
ture control will change the imperfect combustion of 
the former to the clear combustion of the latter with- 
out adjusting the carburetion. Attention to such little 
details as this accounts for most of the later advances 
in automotive design, and we work hard for every im- 

provement that we make. 






































~ Combustion-Chamber Design in 
‘Theory and Practice 


Discussion of W. A. Whatmough’s Semi-Annual 
Meeting Paper’ 


f bans DISCUSSERS differ with the author on many 
points of theory while acknowledging the improve- 
ment in performance made by changes of combustion- 
head design on English engines. These improvements 
are asserted to be the result mainly of change in loca- 
tion of the spark-plug with resulting increase in 
length of flame travel, less compact design of the com- 
bustion space and provision of clearance space, in- 
crease in volumetric efficiency by reduction of restric- 
tions, reduction in offsetting of the chamber over the 
piston, and better distribution of the volume of the 
charge in the chamber with respect to the spark-plug. 


ALEX TAUB’:—Mr. Whatmough is to be congratu- 
lated upon his obvious decision to write this paper in 
a language fairly common to all of us. Heretofore his 
writings have been found difficult, due to his remark- 
able ability to play with words. 

Up to the current paper, with the exception of that 
of R. N. Janeway’, writers on combustion-chambers 
have dealt with knock suppression only. Ricardo has 
vaguely hinted at smoothness control by virtue of a 
means for controlling turbulence; that is, turbulence 
in the Ricardo sense, which has to do with the agita- 
tion of the mixture both before and after firing. The 
greater the turbulence is, the more rapid the combus- 
tion proceeds. Just how Ricardo intends to increase 
or decrease this phenomenon locally within the com- 
bustion-chamber I do not know. 

Mr. Janeway has divided the combustion funda- 
mentals into two departments of endeavor: knock con- 
trol and shock control. He considers the temperature 
of the last portion of the gas to burn as the most im- 
portant factor in detonation control and warns us 
against the many ways in which the temperature may 
be affected. 

Mr. Janeway has offered us a mathematical mechan- 
ism for proportioning combustion-chambers along anti- 
shock lines. His principle lies in volume control; that 
is, controlling the volume progressively burned. It is 
entirely up to his fellow physicists to determine the 
validity of this mechanism. However, it is not diffi- 
cult to believe that, if the volume burned increases 
more rapidly in one chamber than in another, a differ- 
ence in the characteristics of combustion will be notice- 
able. 


Of course, under the Janeway theory, the spark-plug 


1The paper was published in the September, 1929, issue of the 

S.A.E. JOURNAL, beginning on p. 249. The author is consulting 

engineer of the Automotive Pngineering Co., of Twickenham, 

England, and a Foreign Member of the Society. 
2M.S.A.E.—Research engineer, Chevrolet Motor Co., 
8 See S.A.E. JouRNAL, May, 1929, p. 498. 7 





Detroit. 


Derogatory comparison is made of designs of English 
engines shown by the author with American practice, 
which is said to follow closely the Ricardo design. In 
reply to these criticisms, the author points out that he 
purposely selected bad examples of English design to 
emphasize the changes made and the improvement in 
performance, and states that the only point at issue 
concerns the relationship of cooling in clearance space 
to engine detonation. He presents curves from bench- 
test data showing a 50-per cent increase in power of 
the high-compression anti-turbulent head as compared 
with the sloping-roof and turbulent L-heads. 


location is just as important as is the shape of the com- 
bustion chamber. 

Now we have a third method of combustion control 
for anti-shock operation. Mr. Whatmough uses local 
variation in temperature throughout the unburned 
mixture to obtain control. The higher the temperature 
is, the more rapid is the burning. The cooler portions 
of the chamber have a quenching effect. We know 
that, with a cold engine, combustion is retarded to 
such an extent that the engine will spit, but to just 
what an extent local difference can affect combustion 
after the performance is stabilized is another question. 


Results Alike Though Theories Differ 


Remarkable similarity exists in the Whatmough and 
Janeway final results, even though their theories differ 
widely. Both recommend firing from hot into cold re- 
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Fic. 25—INDICATOR CARDS FROM A STANDARD AMERICAN 
COMBUSTION-HEAD, A, AND A MOopIFIED HEAD, B, FOR THE 
SAME ENGINE 
The Maximum Pressure Has Been Decreased and the Mean Ef- 


fective Pressure Increased by a Relatively Small Modification of 
Volume Distribution in the Chamber 
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gions of the chamber. Our own organization has fired 
from the exhaust valve for anti-detonation since 1923, 
as have many others. Both use the clearance space; 
at least it is a part of their general design. Both indi- 
cate chambers that are relatively non-compact and have 
diminishing volume as the combustion progresses. 

Whatmough and Janeway recommend avoiding re- 
stricting throats between the valve pocket and the 
cylinder bore. Our own practice has been to maintain 
this throat area from one and one-half to two times 
the effective valve opening. 

Mr. Whatmough has added the streamline around 
both the inlet and the exhaust valves for better filling 
and less heat build-up in the exhaust valve. Undoubt- 
edly these are valuable adjuncts to high-speed engine 
operation, although their advantage is doubtful where 
large restricted-range engines are being used. 

Our own most recent work has been carried out by 
following the Janeway principle of volume control; 
however, usually where the volume is locally reduced 
the surface-to-volume ratio is increased, which of 
course would mean somewhat lower temperature. We 
have been able to decrease the maximum pressure and 
increase the mean effective pressure by a relatively 
small modification of the volume distribution in the 
chamber. This is shown by the indicator cards from 
a standard head and a modified head reproduced in 
Fig. 25°. 

Mr. Whatmough, although advocating a means for 
lowering the exhaust-valve temperature, lauds the hot 
exhaust-valve as a virtue in poppet-valve engines over 
the sleeve-valve engine. He attributes the poor economy 
of the sleeve-valve engine while warming-up to the lack 
of a hot-spot or exhaust valve. I believe that mechani- 
cal friction, due to the engine construction and cold 
oil, is the primary factor. We know that this type of 
engine, which is minus the hot exhaust-valve, is prone 
to excessive knocking. We believe that it is because the 
surface-to-volume ratio for the last part of the gas to 
burn is low, or because there is no equivalent of the 
clearance space. 


Causes of Rough Operation 


Mr. Whatmough states, in connection with his Fig. 
5, that the reduction in turbulence by increasing the 
transfer passage gave an additional critical spark-ad- 
vance equal to two compression ratios. How does he 
determine the spark advance per ratio, and how much 
of the gain should be credited to the actual reduction 
in compression of 0.9 of a ratio? 

With reference to Fig. 10, he states that a turbulent 
head replaced the original head; that this turbulent 
head gave rough operation because of the turbulent 
heating of the exhaust valve; also that the flame pro- 
jects violently on one side of the piston. From our 
angle we should say that this engine is rough because 
the chamber is too compact and the charge is fired from 
the approximate center of volume, which combination 
always has produced a rough result. 

With regard to roughness being produced by loading 
one side of the piston, we can hardly subscribe to this 
idea, since the pressure must be uniform throughout 
and the piston is moving away from the combustion- 
chamber when the charge is half burned. 

Mr. Whatmough states, with reference to his experi- 





4Tllustrations accompanying this discussion are numbered con- 
secutively with those in the Whatmough paper. 


ment on the engine shown in Fig. 12, that detonation 
occurred with the anti-turbulence head at 800 r.p.m. 
due to steam pockets. Why should steam pockets cause 
detonation at 800 r.p.m. only? Usually, if steam pockets 
exist, they have no critical speed. We should consider 
critical detonation at 800 r.p.m. as a normal condition. 
Is the combustion-chamber shown as a recent design, 
which was later modified by Mr. Whatmough, typical 
of present English combustion-chambers? If so, I be- 
lieve that the typical practice in the United States is 
far ahead. We believe that almost any change would 
improve this head. 

It appears that in each case of improvement made 
by Mr. Whatmough the chamber was made less com- 
pact and the spark-plug position improved. It must be 
remembered that the engines used by Mr. Whatmough 
are much smaller than engines used in this Country. 
I doubt whether he would recommend a compression 
ratio of 6 to 1 for really smooth operation in a rela- 
tively large engine. 

Mr. Whatmough indicates a high gain in power that 
is out of proportion to the increase he gets in com- 
pression ratio. This gain must be due to an increase in 
volumetric efficiency. We recently made a 25-per cent 
gain in horsepower at 2400 r.p.m., the compression- 
ratio increase being 0.3 of a ratio. However, the volu- 
metric was stepped up by the use of a larger inlet 
valve, improved porting and a changed camshaft. 

Obviously, the original heads that Mr. Whatmough 
improved upon incorporated definite restrictions to 
filling. It should be remembered that a volumetric in- 
crease is the safest means of increasing power with a 
minimum effect on detonation, since the initial tem- 
perature and therefore the maximum temperature re- 
main virtually unchanged. The simile to this is the 
supercharger, which increases the charge with a mini- 
mum effect on detonation. 


Distribution and Detonation 


Mr. Whatmough has emphasized the necessity of per- 
fect distribution to obtain an optimum result. With 
this we can readily agree. We have an interesting 
side-light on distribution and detonation. During test 
work on the desert roads of Arizona last August, with 
air temperatures ranging from 115 to 120 deg. fahr., 
we were using a set-up which included an engine with 
very good distribution. Our full-load economy was 0.54 
lb. per b-hp-hr. The carbureter was set to take ad- 
vantage of this lean-operating possibility. The result 
was impossible from the viewpoints of detonation and 
general cooling. The carbureter was changed to a nor- 
mal or 0.70 lb. per b.hp-hr. setting. This eliminated 
any serious detonation and we had no trouble in gen- 
eral cooling. The over-all economy on the road was not 
affected, since full-load economy has no effect on road 
work. The fuel consumption for each carbureter-set- 
ting for a 3000-mile trip was virtually the same. I 
believe distribution is most important for part-throttle 
running, for lowering fuel consumption, and is impor- 
tant for wide-open work for the sake of uniformity, 
but in the last case the richest mixture consistent with 
common sense should be used. 

Mr. Whatmough states that, to obtain the best re- 
sults with his system of procedure, exactness is the 
essence, and that variation of the gasket either way 
from ideal will mean a loss. Does this mean that only 
a specialist who is fully conversant with his methods 
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can hope to use his material successfully? Every en- 
gineering organization at times prefers to carry on 
independent experiments to satisfy itself. Has Mr. 
Whatmough a definite procedure for proportioning com- 
bustion-chambers, and, if so, is he in position to ex- 
plain it? 


Whatmough’s and American Designs Similar 


R. N. JANEWAY':—We are greatly indebted to Mr. 
Whatmough for a comprehensive picture of the state 
of the art of combustion-chamber design in England 
and of his own contribution to its improvement. To 
my mind, the outstanding feature of his paper is the 
proof of the astounding backwardness of the art 
of combustion- 
chamber de- 
sign as current- 
ly practised by 
engine design- 
ers in England. 
This is all the 
more surprising 
when it is con- 


sidered that 
English  scien- 
tific workers, 





such as Clerk, 
Dixon, and Hop- 


Fic. 26—ILLUSTRATION OF MECHANISM Kinson, pio- 
OF FLAME PROPAGATION neered in the 
study of com- 


bustion in internal-combustion engines. 

There is no question that Mr. Whatmough’s work, in 
its practical form, is in the right direction and must 
represent a very marked improvement over existing 
English practice as illustrated in his paper. However, 
when compared with current American practice, Mr. 
Whatmough’s design, as illustrated in his paper, repre- 
sents an improvement only in connection with spark- 
plug location. His location of the plug over the exhaust 
valve and at the extreme end of the chamber is de- 
cidedly to be preferred to the current American prac- 
tice of favoring the inlet valve and leaning toward the 
center of volume of the chamber. In the combustion- 
chamber contour itself, Mr. Whatmough’s typical de- 
signs are very closely similar to the so-called modified 
Ricardo type which is practically standard practice in 
this Country today. The considerably higher level of 
compression which Mr. Whatmough claims for his de- 
signs over that of very similar designs in America 
must be due in great measure, in general, to the higher 
quality of British fuel and the generally smaller cylin- 
der size of the British engines. For these reasons the 
American 514-to-1 compression-ratio probably is 
equivalent, on an average, to the 6-to-1 ratio permis- 
sible in English practice. 


Flame Propagation in Simple Terms 


I am wholeheartedly in agreement with Mr. What- 
mough that real progress in combustion-chamber de- 
sign must necessarily be based upon sound working 
principles. I regret, however, that I can find very little 
in his principles to which I can honestly subscribe. 
Mr. Whatmough insists upon making a difficult subject 
still more difficult when he treats the mechanism of 
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flame propagation as a sacred mystery understandable 
only to a few initiates. This mechanism can, in fact, be 
reduced to terms so simple that the process becomes 
clear to anyone’ familiar with the most elementary 
thermodynamic principles. Furthermore, from this 
mechanism, as so presented, can be deduced a valid 
working basis which is directly applicable to practical 
combustion control. 

Fig. 26 illustrates successive phases of the combus- 
tion process in a bomb in which the charge is conceived 
as being divided into 10 equal parts, as at A. In po- 
sition B, after the first tenth of the charge has been 
burned, this portion has expanded while the remaining 
nine parts of the charge still unburned have been com- 
pressed. In position C, after two parts of the charge 
have been burned, it is obvious that the second tenth 
has expanded in burning, as compared with the volume 
it occupied in position B; but it is equally obvious 
that the first tenth previously burned has been com- 
pressed, as compared with position B, under the in- 
fluence of increasing pressure development. Thus, as 
the flame progresses, each successive portion of the 
charge to burn expands, compressing the remaining 
unburned gas ahead of the flame and the burned gas 
at its rear, thereby maintaining pressure equilibrium 
throughout the mass of the gas. Thus, positions D and 
E show the condition of burned and unburned gas 
after, respectively, six-tenths and nine-tenths of the 
charge has been burned. When combustion is complete, 
obviously each tenth of the gas will again occupy its 
original volume, although the pressure is now the 
maximum explosion pressure due to the energy lib- 
erated. 

Thus, combustion is a constant-volume process only 
if we consider two phases of the process; namely, before 
ignition and after complete combustion. What happens 
in the interim is the really important part of the process, 
and this certainly is far from a constant-volume change. 
Referring again to position E, representing the condi- 
tion after nine-tenths of the charge has been burned, 
it will be seen that the remaining unburned tenth has 
been very considerably compressed as compared with the 
volume it occupied at ignition, and also that the first 
tenth burned has also been considerably compressed as 
compared with the volume it originally occupied imme- 
diately after burning. 

We have then, during combustion, two simultaneous 
but distinct thermodynamic changes going on; one which 
concerns a constantly decreasing mass of unburned gas 
and the other which concerns a constantly increasing 
mass of burned gas. While at any instant the pressure 
on both bodies of gas is the same during normal com- 
bustion, the temperatures are, of course, widely different 
and this necessarily produces a different characteristic 
of compression. Since the unburned gas is at a con- 
siderably lower average temperature than the burned 
gas, the compression tends to approach more nearly to 
the adiabatic than does that of the burned gas. In fact, 
the compression of the burned gas may be regarded as 
a continuation of compression of the entire charge by 
the piston. The burned gas, having attained the ex- 
plosion temperature, necessarily loses heat very rapidly 
to the walls of the chamber and thus tends to approach 
an isothermal in its characteristic of compression. This 
means simply that the temperature, say of the first 
tenth immediately after burning as at B, will tend to 
remain constant as combustion continues and as it is 
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compressed back to its original volume at ignition. On 
the other hand, the unburned gas loses heat much less 
rapidly and is increased in temperature as it is com- 
pressed, so that the later a particle of gas burns the 
higher will be its temperature as well as its pressure at 
the time of burning. Here we have the real secret of 
detonation. 


Temperature Control the Only Detonation Remedy 


One fact emerges from all the confusion of theories 
surrounding the subject of detonation; namely, that 
this phenomenon is motivated primarily by the attain- 
ment of a critical temperature. Thus, the process illus- 
trated in Fig. 26 continues undisturbed until such time 
as the unburned gas is compressed to this critical tem- 
perature. When this occurs, equilibrium is destroyed 
because of the tremendous violence with which the 
residual gas burns and a pressure differential is conse- 
quently set up which breaks down into the detonation 
wave. It becomes clear, then, that there is only one 
corrective for detonation; namely, to prevent the at- 
tainment of the critical temperature by the unburned 
gas, either by cooling this gas as it is compressed or 
by raising the critical temperature by modifying the 
characteristic of the fuel mixture. 

The only recourse in attacking detonation through 
combustion-chamber design thus boils down to the pro- 
vision of the highest possible cooling effect upon that 
part of the unburned gas which is last to burn. Mr. 
Whatmough attaches great significance to the tempera- 
ture of the exhaust valve as a factor in detonation. 
This can be true only when the spark-plug is so located 
that the exhaust valve is at a point most remote from 
the plug. Only then can the exhaust valve form a de- 
tonative heat-trap, since that is the only condition 
under which the gas surrounding the valve will be the 
last to burn and hence subject to detonation. From the 
illustrations given in Mr. Whatmough’s paper, I can 
see how this condition may occur in actual engines, but 
if it were not for these illustrations I should have 
difficulty in believing that anyone could so design an 
engine and still be allowed to practise his nefarious 
trade. Certainly I know of no such horrible example 
in American engine design even at its worst. The ex- 
hause valve can, of course, affect the temperature of 
the incoming charge to some extent and in that way 
may be a minor factor in detonation. However, in this 
respect Mr. Whatmough claims that the exhaust valve 
performs an important function, although I am in- 
clined to discount either the desirability or the neces- 
sity of promoting this function of the valve. 


Importance of Cool Pocket Over Piston 


The provision of a highly cooled pocket over the 
piston, which is achieved by the offsetting of the com- 
bustion-chamber, is the most important and at the same 
time the least recognized single factor in the antiknock 
effect of the combustion-chamber. This feature, which 
dates back a great many years in the art, owes its 
origin entirely to accident, or perhaps to the workings 
of a bountiful Providence. The various reasons for its 
inclusion in early designs, and even in Ricardo’s de- 
signs, need not be gone into here; suffice it to say that 
they were all wrong reasons for doing the right thing. 
Mr. Whatmough falls into the same error, for which 
there is at least good precedent, by denying any merit 
to the effect of the clearance space.. He furthermore 
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subscribes to the fallacious idea, originally advanced 
by Ricardo, that the flame is quenched due to the high 
cooling effect of the clearance space and therefore that 
the gas included in this space does not burn com- 
pletely. Ricardo adds that for this reason also this gas 
cannot detonate. If the quenching hypothesis were 
correct, this would, of course, be true; however, the 
facts are that this gas not only burns normally but 
that it also may detonate. 

Mr. Whatmough considers the fact that an engine 
knocks in spite of the cooling effect of the clearance 
space sufficient evidence that the latter has no anti- 
knock effect. He forgets, however, that, like everything 
else, the degree of detonation is relative and that, if 
detonation occurs in spite of the high cooling effect of 
the clearance space, it would be tremendously greater 
if that cooling effect were absent. Proof that the gas 
in the clearance space burns normally lies in the fact 
that the quantity of gas involved is too great for this 
alleged quenching to occur without seriously impairing 
the engine’s efficiency, since not only is the volume in 
the clearance space considerably increased by piston 
movement before the flame reaches it, but a very con- 
siderable amount of the charge is forced into the space 
as the pressure increases during combustion in the 
main chamber. 

Fig. 27 shows how the weight of unburned charge 
in the clearance space varies during combustion in a 


Unburred Gas in Vearapoe Space) 









= 80 eA PebseRREACOCS 
+ Comburs Herr it | 
= Mair Charaber | 
5 - f Complete t 
~ 60 t +- Unburned Gas in op cent nae nd 
a Main Chamber i i } 
=] t if i } 
E 40} $2. Barned Charge CE aca anctas 
cy) t 4 
- { ; 
= 20 B Saseeaes pe 4 es Sern See! 
0 ED, ERSTE is aes Oo ios aE 
20 30 40 50 60 70 80 90 100 


Explosion Time per cent of total 


FIG. 27—DISTRIBUTION OF UNBURNED CHARGE DURING COM- 
BUSTION 


representative case which assumes 50 per cent of. the 
piston covered and a top-center clearance of 1/16 in. 
It will be seen that when the flame reaches the clear- 
ance space the weight of gas in the space amounts to 
19 per cent of the total charge. The fact that offsetting 
even to an extreme degree does not involve any loss in 
efficiency proves conclusively that this gas must burn 
normally and completely. Furthermore, since the per- 
centage of the total charge which takes part in de- 
tonation is of the order of 10 per cent, at a maximum 
under ordinary conditions, it is also evident that de- 
tonation, if it occurs, must take place in the clearance 
space when this gas is the last to burn. 

It is important to bring out the fact that detonation 
can always be induced, no matter how great relatively 
is the cooling effect upon the unburned gas, if the 
maximum pressure is raised high enough either by 
increase in compression ratio or by excessive spark- 
advance. It is noteworthy in this connection that, not- 
withstanding Mr. Whatmough discounts any effect of 
the clearance space, all of his designs as illustrated in 
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his paper include a clearance space, either by intention 

or by accident. I do not hesitate to say that without 

this clearance space not one of Mr. Whatmough’s de- 

signs would have produced the excellent results which 

they undoubted- 

oe jouer ly have given in 

1/3, [ae 2N-& the way of high 

2a mn yi permissible com- 

pression. 

| In his men- 

\\ 


/ 
\ tion of turbu- 
lence Mr. 
Whatmough de- 
fines this term 
as being agita- 
tion produced 
during the com- 
pression stroke. 
This is a sur- 
prising state- 
ment in the face 
of the fact that 
in all internal- 
combustion en- 
F1G. 23—SKETCH oF ComBuUSTION-CHAM- ines turbulence 
BER FOR STUDYING FLAME TRAVEL is produced pri- 
marily by the 

relatively high velocity of the incoming charge and, 
furthermore, that without this turbulence efficient high- 
speed operation would be impossible because of the 
slowness of combustion. In referring to his designs as 
being anti-turbulent, Mr. Whatmough apparently loses 
sight of this fundamental turbulence in his preoccupa- 
tion with the production of so-called turbulence by 
compression. Mr. Whatmough goes on to explain that 
turbulence speeds up the combustion by increasing the 
heat transfer from the walls to the unburned gas. 
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Turbulence Decreases Detonation Tendency 


Although turbulence is a very potent agency in com- 
bustion, it is difficult to understand how even turbu- 
lence can reverse the natural tendency for heat to flow 
from the unburned gas to the walls, since the mean 
temperature of the unburned gas is considerably 
greater during compression and combustion than that 
of the walls with which it comes into contact. In this 
way he blames turbulence for tending to increase de- 
tonation. How, then, does he account for the marked 
tendency for detonation to decrease as the engine 
speed is increased in spite of the fact that turbulence 
and, consequently, flame speed, are at the same time 
tremendously increased? The truth is that this ten- 
dency of detonation to decrease with increase in speed 
occurs, not in spite but because of turbulence. I have 
previously presented evidence in.proof of this. 

The explanation for the effect of turbulence in re- 
ducing detonation lies in the fundamental influence of 
turbulence in promoting heat transfer, in this case 
intensifying the natural tendency for heat to flow from 
the unburned gas to the cooler walls of the chamber 
during combustion. This effect of turbulence is twofold, 
since not only is the turbulence itself directly effective 
but by increasing the flame velocity it also increases 
the rate of displacement of the unburned gas ahead of 
the flame and thus creates velocities of flow of the un- 
burned gas which promote its cooling in contact with 
the chamber walls. This combined effect is great enough 


to overcome the tendency of reduced explosion time to 
increase detonation by reducing the total heat transfer. 

It is important in this connection to emphasize the 
fact that no clean-cut evidence exists to bear out the 
many claims made for turbulence induced on the com- 
pression stroke. The fact is that turbulence is depen- 
dent primarily on the intake velocity through the valve, 
and this velocity is not again approached at any time 
after the gas has entered the cylinder. In reality, the 
flow induced on the compression stroke is opposite in 
direction to that induced on the suction stroke, so the 
tendency may really be to damp out the initial turbu- 
lence rather than to intensify it. In the face of these 
facts, the case cited by Mr. Whatmough, in which an 
increase of 22 per cent in the transfer area between 
the cylinder and the chamber resulted in a permissible 
increase of two whole compression ratios, is hard to 
take seriously. Apparently, however, this is a question 
of interpretation rather than of fact. Mr. Whatmough 
makes his deduction by comparing the actual increase 
in critical spark-advance with that which he calculates 
would be accounted for by the reduction of nine-tenths 
of a compression ratio. It is to be regretted that Mr. 
Whatmough omitted this interesting calculation from 
his paper because I am sure it would be a highly valua- 
ble contribution to the subject. My own impression 
from examination of the curves presented in this case 
is that the increase in critical spark advance is due 
entirely to the reduction in detonating tendency pro- 
duced by the decrease in compression ratio. The 
characteristic of the spark-advance curve in the case 
of the higher compression is typical of an over-com- 
pressed engine; that is, the spark advance for incipient 
detonation remaining practically constant as the speed 
increases until the torque begins to drop off sharply 
when the permissible spark advance increases abruptly. 
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With the reduced compression, the appearance of the 
spark-advance characteristic is normal. 


Reduction of Compactness Improves Smoothness 


Coming to the subject of smoothness as affected by 
the combustion characteristic, again I am forced to 
plead complete disagreement with Mr. Whatmough’s 
explanation. He maintains that smoothness is governed 
entirely by the direction in which the flame is made to 
travel; that is, that firing from a hot zone into suc- 
cessively cooler zones makes for smoothness by reduc- 
ing the flame velocity and vice versa. While there is 
an element of truth in this contention, Mr. What- 
mough’s reasoning here is dimensionally inaccurate. 
Since the shock tendency of combustion is determined 
by variations in the rate of pressure rise, the funda- 
mental factor involved is necessarily the mass rate of 
burning. This is obviously a function, not only of flame 
velocity, but of flame-front area and charge density. 
To make the flame velocity alone responsible for the 
shock or roughness tendency is comparable to determin- 
ing the volume of a body of variable cross-section by 
means of its length alone. 

Fig. 28 is a diagrammatic representation of a method 
for determining the pressure-time characteristic of a 
combustion-chamber, as presented in a paper’ recently 
read before the Society. This shows successive posi- 
tions of the flame front, which is assumed to be spheri- 
cal, from which the volume occupied by the burned gas 
at each position is computed. It is obvious from this 
diagram that the contour of the chamber with respect 
to the location of the spark-plug is the determining 


5 See S.A.E. JOURNAL, May, 1929, p. 511. 
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factor in the variation in flame-front area and hence 
in the volume rate of burning. By taking into consider- 
ation the variation in flame velocity and charge density 
as combustion proceeds, the volume of the charge can 
be so distributed in the chamber with respect to the 
spark-plug as to give a predetermined pressure-time 
characteristic for maximum smoothness. This funda- 
mental of volume distribution must be depended upon 
to obtain smoothness. In a general way it becomes 
evident from this analysis that reduction in chamber 
compactness will tend to improve smoothness, since the 
volume rate of burning in any flame-front position 
must necessarily be reduced. Likewise, any increase in 
the total length of flame travel brought about by spark- 
plug location will tend to improve smoothness by in- 
creasing the total burning time. 


Effect of Clearance-Space Offsetting 


It is interesting to interpret Mr. Whatmough’s re- 
sults, as presented in his paper, on this basis. It should 
be noted that in every case he started from a chamber 
of extreme compactness and modified the design by 
considerably reducing the compactness and very con- 
siderably increasing the length of flame travel. The 
combined effect of these two changes must inevitably 
have made a marked improvement in smoothness. 

Just-as in every case cited by Mr. Whatmough, the 
combustion-chamber originally was inherently of a de- 
sign that would produce roughness, so was it also in- 
herently of poor antiknock design, especially with re- 
gard to spark-plug position. In many cases the plug 
was so located as actually to make possible the pocket- 
ing of the last gas to burn around the exhaust valve, 
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which is certainly the most aggravated possible knock- 
inducing condition. In addition to the improvement in 
detonating tendency necessarily made by the change to 
a plug location over the exhaust valve, the reduction in 
the degree of offsetting is responsible for still further 
improvement. In Fig. 29 are shown the experimental 
results of isolating the effect of variable degrees of 
offsetting. It will be seen that the effectiveness of the 
close clearance space reached a maximum at about 20 
per cent piston area covered. From there to 40 per 
cent the tendency is already toward increased detonat- 
ing tendency. While this determination was not con- 
tinued beyond 40 per cent, experimental evidence 
abounds which bears out the contention that the change 
from an extreme degree of offsetting to a moderate 
degree will invariably produce considerable improve- 
ment in antiknock effect. 

One more point which Mr. Whatmough brings out 
I have found puzzling. Mr. Whatmough refers several 
times to the roughness produced by flame thrust on 
one side of the piston, in the case of the so-called turbu- 
lent type of chamber. I, for one, find difficulty in vis- 
ualizing this condition. Does Mr. Whatmough conceive 
of the flame as being equivalent to a projectile? My 
own impression would be that the natural tendency for 
pressure equilibrium to be maintained, at least during 
normal combustion, would produce uniform pressure 
upon the piston even in the case of extreme offsetting, 
with minimum clearance between the piston and the 
chamber head. 


Performance Bettered in American Engine 


Before concluding this discussion I should like to 
cite a case from my own experience to illustrate the 
improvement still possible starting with a moderately 
offset, streamlined chamber. Fig. 30 is a scale drawing 
of the original head used on a 314 x 4%%-in. engine. 


110 


Engine Speed, r. p.m. 


Fic. 32—POWER CURVES SHOWING GAIN AVAILABLE FROM 
HIGHER COMPRESSION-RATIO 


It will be seen that this design has a moderate offset 
and is of streamline contour. The spark-plug location 
is between the valves and slightly forward of the valve 
center-line, certainly a very good position from a det- 
onation standpoint, with no likelihood of the. forma- 
tion of a detonating heat-trap around the exhaust valve. 
The chamber is well jacketed at all places, including 
the spark-plug boss, and the head has very liberal 





water passages. Fig. 31 shows my own design of head 
for this engine, which presents an entirely different 
picture of volume distribution and chamber outline. It 
will be seen that no concentration of volume occurs over 
the valves and a decidedly greater percentage of the 
total volume, as compared with conventional designs, 
is disposed on the piston side of the main chamber. It 
will be noted also that the spark-plug location favors 
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Fic. 33—SPARK-ADVANCE CURVES SHOWING IMPROVED ANTI- 
KNOCK EFFECT WITH MODIFIED CYLINDER-HEAD 


the exhaust valve on the center-line of the valve, and 
that the over-all length of the main chamber is but 
slightly greater than in the head shown in Fig. 30. 

Fig. 32 shows the power, torque and fuel-consump- 
tion curves for the two heads on the same engine, head 
A being the original design with a compression ratio 
of 5.4 to 1 and head B the improved design with a com- 
pression ratio of 5.8 to 1. It will be seen that the higher 
compression of head B is reflected in a gain of 6 per 
cent in maximum torque and maximum horsepower, 
with..a corresponding reduction in specific fuel-con- 
sumption. The intermediate dash-line torque curve 
gives the torque for head A with spark retarded to the 
point of incipient detonation. With head B, incipient 
detonation did not occur at any speed at less spark- 
advance than was required for maximum power. The 
gain in permissible maximum torque for no knock was 
thus fully 10 per cent, or the equivalent of one whole 
compression ratio. Fig. 33 shows the comparative 
spark-advance curves for the two heads giving the 
points of ping trace, maximum power, and objection- 
able ping, as well as the range of advance for 1-lb. loss 
in beam load. These curves show, not only that head B 
permits of very considerably more spark advance with- 
out detonation in spite of the higher compression-ratio, 
but also that it is less sensitive to spark advance and 
permits a greater variation in advance for effective 
maximum power. 

These data show that, to obtain the same degree of 
detonation in head B as occurred in head A at a com- 
pression of 5.4 to 1, which was less than objectionable, 
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the compression would have to be raised at least to 
6.25 to 1. It should be noted here that the compression 
ratios are not comparable with those of Mr. What- 
mough’s illustrations, because of the unknown differ- 
ences in fuel and engine characteristics. However, in 
this case the fuel was a rather poor grade of standard 
motor gasoline and the cylinder size fairly large with 
high specific output. 

The improvement in antiknock effect obtained from 
this change in design is due almost entirely to the in- 
tensification of cooling of the unburned gas which is 
last to burn by disposition of the cooling surface for 
maximum heat-transfer efficiency. While no test meas- 
urements can be cited in evidence of improved smooth- 
ness, it may be said that the improvement in this 
direction was very marked in spite of the higher com- 
pression-ratio and was due entirely to correct volume- 
distribution in the chamber with respect to the spark- 
plug. This improved design has replaced the former 
standard head in production. 

In conclusion, I should like to bring out the fact in 
dealing with a subject as complex as combustion, which 
is obscured by any number of independent as well as 
interrelated variables, that no real progress is possible 
except by the research method of attack which isolates 
each variable and evaluates its effect. My own work 
is based upon five years of intensive single-cylinder 
research in which almost every possible variation in 
chamber detail was independently investigated. Mr. 
Whatmough has presented no research data in support 
of his contentions, but merely the net results of whole- 
sale changes in design. It is in the interpretation of 
such results that the investigator is misled into false 
theories that bar the way to progress. 


The Bases of Janeway Illustrations 


CAPT. WALTER C. THEE’:—Upon what experimental 
proof does Mr. Janeway base his illustration of the 
mechanism of flame propagation in Fig. 26 of his dis- 
cussion? 

From the discussion, it appears that you obtained 
the data from an actual bomb experiment. I assume 
that you make a theoretical analysis of the explosion 
in a closed vessel similar to the one made by Prof. A. 
Nagel’. 

With reference to his Fig. 27, what method was used 
to measure the explosion time in percentage of total 
time and to measure the charge burned in percentage 
of the total charge? 

I have just received a paper by Prof. W. A. Bone 
and R. P. Frazer on A Photographic Investigation of 
Flame Movements in Carbonic Oxide-Oxygen Explo- 
sions’ which contains some interesting reading. Pro- 
fessor Bone is now preparing a new book on Gaseous 
Combustion at High Pressures, which will be published 
in the autumn by Longmans, Green & Co. 

Mr. JANEWAY :—The basis for Fig. 26 was originally 
given in the S.A.E. JOURNAL of April, 1923, in an ar- 
6° S.M.S.A.e.—Quartermaster Corps, Motor Transport Branch, 
on special duty at Massachusetts Institute of Technology, ‘ 


‘am- 
bridge, Mass. 

See Versuche iiber die Ziindgeschwindigkeit explosiver Gas- 
gemische, Mitteilungen u. Forschungsarbeiten; vol. 54, pp. 1 to 
42, 1908. 

8 See Philosophical Transactions of the Royal Society of London, 
vol. 228, pp. 197 to 234 


®See THE JOURNAL, April, 1923, p. 367. 
1” See TRANSACTIONS, Vol. 16, part 1, p. 465. 
1 See S.A.E. JOURNAL, May, 1929, p. 498. 
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Fic. 34—CURVES OF POWER OUTPUT, BRAKE MEAN EFFEC- 

TIVE PRESSURES AND FUEL CONSUMPTIONS FOR DETACHABLE 

L-HEADS ILLUSTRATED IN FIG. 10 OF THE WHATMOUGH PAPER 
AND FIG. 35 HEREWITH 


ticle on Laws Governing Gaseous Detonation’ by 
Thomas Midgley, Jr., and myself. The data used were 
obtained from flame photographs taken in a bomb by 
Woodbury, Lewis and Canby 

The detailed method of calculation upon which Fig. 
27 is based is given in my recent paper on Combustion 
Control by Cylinder-Head Design”. The diagram in Fig. 
27 is, of course, based upon calculations from an actual 
combustion-chamber. The validity of this method is 
proved by the agreement between calculated pressure- 
time characteristics of combustion-chambers and ac- 
tual indicator cards from the same chambers, an ex- 
ample of which is given in my paper just mentioned. 


Spectroscopic Study of Flame Propagation 


CAPTAIN THEE:—The previous discussion has dealt 
chiefly with mechanical methods to improve the com- 
bustion of motor fuels in internal-combustion engines. 
While some improvements can be made by these meth- 
ods, I have not much confidence in any great advantage 
to be gained in the shape or design of the combustion- 
chamber. Scientific experiments have been made to 
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show that turbulence has a great deal to do with com- 
bustion, but the shape of the combustion-chamber has 
not much effect on turbulence. The principal factors 
affecting combustion are pressures and temperature, 
which cannot be controlled in any marked degree by 
shape and design of combustion-chambers. 

3efore much knowledge can be obtained on combus- 
tion, it is necessary to discover the bewildering mys- 
teries of flame. A very difficult question, which has 
baffled even the leading investigators carrying on ex- 
periments in pure science, is What is flame? 

When a combustible gas is ignited, energy is re- 
leased. The energy possessed by the molecule of a 
gas may be divided in the following way: 


(1) Translational or kinetic (k), due to external 
movement of the molecule as a whole, causing 
temperature and pressure 

(2) Rotational (7), or movements within each mole- 
cule caused by collision with others 

(3) Vibrational (v), which, though affected by col- 
lisions, is primarily connected with the ab- 
sorption and emission of radiation 

Hence, in general, the total energy of a molecule (2) 
at a given instant may be expressed as the sum of k, 
* and v. 

Each element and compound has a characteristic 
spectrum. The element and compound to be expected 
in hydrocarbon fuels are: 


H.O C.N. (Cyanogen) H, C 
co NO (Nitrous oxide) N Ete. 
CO PbO (Lead oxide”) O 


The function of the spectroscope is to receive a 
sample of light, separate the different components, and 
show them to us arranged side by side in what is 
called the spectrum. The spectrum is, as it were, a 
most orderly report, drawn up in the most concise 
form, of the analysis of the sample of light that passes 
into the slit of the spectroscope. 

In a broad sense, everything that can be seen— 
flame, red-hot metal, the electric spark, and so on—has 


27—n the case of ethyl gasoline. 
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Fic. 35—-ALUMINUM ANTI-TURBULENT HEAD WITH DIREc- 
TIONAL FIRING SHOWING THE ABSENCE OF FLAME QUENCHING 


Compare This with Fig 4 in the Author’s Paper. Compression 
Ratio, 5.8 to 1 


a spectrum. The light can be divided into two classes: 
(a) emission; and (b) absorption. 

The total energy developed by the combustion of 
motor fuels in engines is partly radiated away and the 
remainder is evolved as heat resulting from the chem- 
ical combination of the gases in the cylinder, hence the 
necessity for water-cooling. The radiations so emitted 
may comprise widely different wave-lengths, from low- 
trequency radiations in the infra-red up to high-fre- 
quency radiations in the ultra-violet; and each flame 
has its own characteristic spectrum, according to the 
chemical changes occurring in it. The study of such 
spectra, whether in the infra-red, or visible, or the 
ultra-violet regions, assists greatly in our interpreta- 
tion of flame reactions. Since each element has a 
characteristic emission spectrum, it is possible to tell 
the element by the position of the spectrum lines. 


The Author Replies to His Critics 


W. A. WHATMOUGH :—Both Mr. Taub and Mr. Jane- 
way omit to criticise the salient features of the paper; 
namely, the specific phases of flame propagation and 
their control in engine practice. The only point at issue 
concerns the relationship of cooling in clearance space 
to engine detonation, which is only one of several as- 
pects of the problem of regulating burning in internal- 
combustion engines. 

Mr. Taub is open-minded enough to admit new pos- 
sibilities in my combustion heads but is skeptical re- 
garding the value of streamlining in low-speed engines. 
I feel sure that he, unlike Mr. Janeway, will accept test- 
bench data as convincing research. Hence Fig. 34 is 
added. This gives power output, fuel consumptions and 
brake mean effective pressures from four detachable 
heads tested under strictly comparable conditions. 
Three of these are shown in Fig 10 in the paper and 
the fourth is illustrated in Fig. 35 herewith. 

The striking increase in power of the high-compres- 
sion anti-turbulent head amounts to some 50 per cent 
as compared with the sloping-roof L-head and the tur- 
bulent L-head, which increase is due solely to better 
filling and burning, as shown by b.m.e.p. curves. These 
results were obtained on fuel much heavier than Navy 
Specification gasoline. Thus the improvement is in 
spite of low-grade fuel. 

The real gain is that the highest compression-head 
is “happier” in all respects under working conditions. 
The exhaust valves and circulating water run cooler, 
while an average increase of 8 deg. in spark advance 
shows that flame travel is slower despite increase in 
compression ratio. The photograph (Fig. 35) and 
fuel-consumption curve (Fig. 34) show that flame 
quenching and fuel waste have been avoided even with 
heavy petrol through the head is cast of aluminium, as 
in the over-cooled example. Better idling, smooth run- 
ning and freedom from knock are definitely due to 
spark-plug location, this being the distinction between 
the combustion-heads in Figs. 4 and 35, apart from the 
former having a lower compression-ratio. The fuel 
economy exceeds anything previously attained on this 
engine and could not be reached with best quality 
British petrol, owing to lower calorific value. 

Mr. Taub possesses the engineer’s predilection for 
cut-and-dried formulas, but heat exchanges in a vari- 
able-speed gasoline engine are not amenable to mathe- 
matical manipulation. He will become reconciled to 

(Concluded on p. 387) 








Combustion Control by Cylinder-Head 
Design 


Discussion of Robert N. Janeway’s Detroit Section Paper’ 





ETONATION and shock, the two principal bar- 

riers to increased compression, are subject to a 
degree of control which can readily make possible the 
use of compression ratios in the neighborhood of 6-1 
on commercial fuel without objectionable effects and 
without sacrifice of output. 

Since detonation depends primarily upon the tem- 
perature attained by the residual unburned gas, it can 
be controlled by combustion-chamber design which in- 
tensifies the heat transfer from the unburned gas to 
the walls. 

The shock tendency, which originates in the pres- 
sure-time characteristic of combustion, can be con- 
trolled only by deliberate incorporation of the desir- 
able anti-shock characteristic in the chamber design 
by a method of calculation which is explained in de- 
tail. To obtain smoothness without loss of power, the 
volume of charge must be so distributed with respect 
to the firing position as to obtain as nearly as possible 


CHAIRMAN GEORGE B. UPTON’:—A French scientist 
has made a study of the physiology of comfort, which 
he reported in this Country several years ago. He 
placed specimens of humanity of various shapes and 
sizes upon a seat and gave the seat various amplitudes 
of motion by means of a variable-speed motor, trying 
to find which kinds of shaking were comfortable and 
which were not comfortable. His conclusion was that 
what we feel is the rate of change of acceleration. 
That corresponds to what Mr. Janeway says about the 
roughness of the engine. 

W. R. STRICKLAND’ :—It is very hard to make prac- 
tical applications of mathematical laws. There is still 
a great controversy as to the correct proportion of 
bore and stroke. Probably either a long or a short 
stroke can be made good by the aid of this theory, but 
the cut-and-try method has predominated up to the 
present. 

CHAIRMAN UPTON:—A theory becomes a law when 
it has been tried times enough to demonstrate that it 
works. I do not know that these ideas of roughness 
and detonation are yet beyond the theory stage; we are 
just beginning to determine whether we are dealing 
with theories or with laws. 

ROLAND V. HUTCHINSON’ :—We have been using the 
type of combustion-chamber described by Mr. Janeway 


1Published in the S.A.E. JouRNAL for May, 
author is a consulting engineer, in 
paper is given herewith. 


1929, p. 498. The 
Detroit. A synopsis of the 


uniform acceleration in the rate of pressure rise up 
to the maximum rate, without excessive increase in the 
explosion time. 

No definite empirical rules for chamber proportions 
can be laid down which will cover the wide range of 
variation in individual requirements. Each case calls 
for an independent application of the fundamental 
principles if maximum results are to be obtained from 
the design. 

Discussers of this paper report the results of their 
attempts at combustion control with several of the 
leading manufacturers of motor-cars and engines. 
Various speakers express appreciation of Mr. Jane- 
way’s analytical approach to the problem. Elasticity 
of engine and chassis parts and their effect on sensible 
roughness are brought out, and questions are raised 
as to the influence of roughness on durability and the 
effectiveness of rubber mountings and connections in 
suppressing the results of roughness. 


for two years or more and are beginning to understand 
it better than at first. We have built long-stroke small- 
bore engines with it and also some with relatively 
large bore and short stroke. Some of the combustion- 
chambers were laid out by guess, and worked pretty 
well. When we tried to improve them by computation, 
we progressed negatively for a while. More recently, 
however, we have had better conformity between theory 
and practice, and I think Mr. Janeway has shown that 
the subject is amenable to constructive analysis. 

We have found that an engine can be very rough at 
800 r.p.m. and yet be smooth and deliver a greater 
torque at 1200 r.p.m.; so the roughness of an engine, 
as we sense it in the car, can hardly be considered as 
a function of combustion-chamber design only. 


Possible Compression-Ratio Depends on Size 


ARTHUR W. Pope, JR.°:—Mr. Janeway has assumed 
6 to 1 as a possible compression-ratio regardless of the 
size of the engine. We build engines with bores from 
314% to 734 in., and we find a definite relationship be- 
tween the allowable compression-ratio and the displace- 
ment. 

The shape of the combustion-chamber does determine 
the degree of turbulence, but some characteristics have 
more influence than others. For instance, the offset 
chamber has a different degree of turbulence than the 
overhead-valve type. The contour of the dome itself 


? M.S.A.E.—Professor of experimental engineering, Cornell Uni- Seems to have very little effect on the turbulence, but 
versity, Ithaca, N. Y. . some other factors have a more marked effect. 
eet ORE quginesr, Cadiline Motor Car Co The temperature of the unburned charge that is sup- 

*M.S.A.E.—Mechanical engineer, Olds Motor Works, Lansing, posed to be cooled in the narrow-clearance space seems 
Mich. | 3 agg 

so on the speed of burning; it does not s 

5 M.S.A.E Research engineer, Waukesha Motor Co., Waukesha, to depend a Pp g; t d es not seem 

Wis. 


to matter whether the speed is due to the compact cham- 
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ber or to turbulence, the time of burning seems to be 
the important factor in controlling detonation in the 
last part of the charge to burn. 

Just what is the greatest advantage of the offset 
type of combustion-chamber is not clear to us; but I 
believe that the greatest advantage is its influence on 
the time of burning rather than the control of detona- 
tion in the narrow-clearance space. 

CHAIRMAN UPTON:—The work. done by an internal- 
combustion engine depends upon the heat of combus- 
tion which we can keep in the gases and use for the 
push upon the piston. Cooling the gases during or after 
combustion causes loss, hence Mr. Janeway’s insistence 
that we do not cool the burned gas unnecessarily. At 
the same time, he insists that we need to cool some of 
the unburned gas as much as we can. To accomplish 
this, he designs one part of the combustion-chamber to 
have as little cooling as possible, for storing the burned 
gases, and another part with the maximum cooling 
possible, for storing the unburned gases. I should like 
to ask him whether the critical temperature in the last 
gas to burn can be measured with sufficient accuracy 
to contribute to the solution of the detonation problem. 
Can we find the critical temperatures at which different 
gasolines change from smooth combustion to detonative 
combustion? That might solve much of our difficulty 
with detonation measurement. 


Application to I-Head Cylinder 


ALEX TAUB’:—The cylinder-head of the new Chevro- 
let engine provides a non-compact combustion-chamber. 
Not having room to extend “itself transversely, it is 
folded upward; otherwise it is much the same as an 
L-head chamber with the spark-plug in the correct po- 
sition. 

If Mr. Pope believes that turbulence is the thing, 
how does he explain the results from this chamber, 
which is almost 100-per cent anti-turbulent? There is 
no chance for anything to rotate or move around; the 
shape is as tortuous as it can be. . 

Mr. PoPpE:—We believe that type of chamber has con- 
siderable turbulence. That would be measured by the 
amount of spark advance required, as compared with 
that for a plain overhead-valve design. I should be in- 
terested to learn what spark advance the Chevrolet 
takes. 

Mr. TAUB:—Do you consider that long spark-advance 
indicates high or low turbulence? 

Mr. PorpeE:—A long spark-advance indicates slow 
burning and low turbulence. 

Mr. TAUB:—The spark-advance is long; therefore, 
the turbulence must be low. 

CHAIRMAN UPTON :—There does seem to be a definite 
relation between the spark advance necessary for maxi- 
mum power and the time of burning, so it probably is 
correct to measure turbulence in an engine by the effect 
of speed on the spark advance. The effect of engine 
speed on combustion time is due to turbulence, so that 
we do have a direct measure. If Mr. Janeway will plot 
a curve of the reciprocal of the combustion time against 
engine speed, he will get a straight line, the slope of 
which measures the turbulence in the engine. 





6 M.S.A.E.—Research engineer, Chevrolet Motor Co., Detroit. 


7 M.S.A.E.—Assistant chief engineer, Continental Motors Corp., 
Detroit. 


’ Professor of experimental engineering, Cornell University, 


Ithaca, N. Y¥ 
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LEWIS P. KALB':—I believe there is nothing in the 
statements of Mr. Janeway that our experience would 
tend to disprove. We remember how bad an impression 
of roughness we received when we stepped on the ac- 
celerators of some of the first engines having offset 
combustion-chambers. I think Mr. Janeway’s method 
of explaining that comes about as close to the mark as 
anything I have heard. Mr. Janeway-is to be com- 
mended for attacking this problem in so scientific a 
manner. 

CHAIRMAN UPTON:—Mr. Hutchinson brought up the 
question of an engine being rough at one speed and not 
perceptibly rough at a different speed. From the stand- 
point of the combustion itself, the engine may have 
roughness at all of those speeds, as Mr. Janeway out- 
lined; but the driver does not know about it unless the 
roughness is transmitted to him by way of the engine 
supports and the chassis, and the transmission of the 
vibration or roughness from the engine depends upon 
resonant vibrations in the connecting parts. The rough 
combustion is detrimental to the engine itself at all 
times and at all speeds, and I expect endurance tests 
may tell a different story than the passengers about 
roughness of combustion. 

A. C. DAvis*:—The time of the maximum rate of 
pressure rise has a great influence on the reactions at 
the engine supports, through which all these accelera- 
tions must pass before they are felt in the car. The 
pressure rise causes both elastic deflection and accelera- 
tion of the engine parts. These reactions are trans- 
mitted to the engine supports, and the acceleration 
rates at the supports are what the passengers feel. 

If rubber insulators are put between the engine sup- 
ports and the frame, to absorb those vibrations, we 
should give some thought to the location of the sup- 
ports with regard to the center of gravity of the engine 
unit, because the engine and frame constitute a system 
that can vibrate and has its own natural frequency. 


Sensible Roughness Is a Resultant 


ROBERT N. JANEWAY:—Mr. Hutchinson commented 
on the fact that an engine can seem to be rough at one 
speed and comparatively smooth at another. The sen- 
sation of roughness that is experienced at a given speed 
is a combination of the explosion shock and various 
different vibrations, giving a resultant effect. If an 
engine seems particularly rough at a certain speed, that 
is likely to indicate a vibration critical to that speed 
rather than greater explosion roughness. 

What Mr. Hutchinson said about the necessity for a 
fundamentally sound engine design is appropriate. 
While it is possible to obtain a fundamental freedom 
from shock by correct combustion-chamber design, the 
more sound the engine structure is, the greater will be 
the possible compression-ratio without objectionable 
effect. 

Mr. Pope claims to have found a definite relation- 
ship between permissible compression-ratio and cylin- 
der size. While cylinder size can be a decisive factor 
in limiting compression-ratio, because the ratio of sur- 
face to volume decreases rapidly as the size is increased, 
combustion-chamber design that provides a high cooling 
effect upon the last gas to burn obviates this influence 
to a very considerable extent. This statement is borne 
out by the fact that the permissible compression-ratio 
is very sensitive to cylinder size in sleeve-valve engines 
and overhead-valve engines with conventionally flat or 
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domed combustion-chambers, in which the inherent ratio 
of surface to volume is the controlling factor. 

The influence of cylinder size on permissible com- 
pression-ratio is much less marked in L-head engines 
with offset combustion-chambers, because the combus- 
tion-chamber of such an engine has a high ratio of 
surface to volume that is influenced comparatively little 
by cylinder size. Curves that I have published’ show 
the variation of compression-ratio according to cyl- 
inder displacement for both L-head and valve-in-head 
engines from the specifications of representative 1928 
passenger-car engines. According to these curves, the 
change in compression-ratio between 30 and 50-cu. in. 
piston-displacement per cylinder is from 5.10-1 to 
4.75-1 in L-head cylinders and from 5.20-1 to 4.30-1 
for valve-in-head cylinders. 

Mr. Pope does not make clear how the time of burn- 
ing can be responsible for controlling the detonation. 
Since detonation tendency depends upon unburned-gas 
temperature and hence on heat transfer from the un- 
burned gas, the reduced burning time, as produced by 
the compact offset combustion-chamber, should tend 
to increase detonation by decreasing the total heat 
transfer. However, this alleged dependence of detona- 
tion upon burning time does not agree with the fact, 
demonstrated by experiments quoted in my paper and 
repeatedly brought home in practice, that detonation 
tendency is almost invariably reduced by reducing the 
extent of offsetting, with consequent reduction in com- 
pactness and increase in explosion time. All the evi- 
dence points to the inescapable conclusion that the 
beneficial effect of offsetting lies in the high cooling- 
effect, provided by the narrow-clearance space, on the 
gas that is last to burn. 

Detonation measurements given in this paper were 
all taken by observing the spark retardation required 
to eliminate knocking and the accompanying power 
loss. This method is simple and gives good com- 
parative results. Tests that are made as nearly as 
possible at the same time and under the same condi- 
tions are strictly comparable, although they may not 
be duplicated exactly on the next day. 

Professor Upton suggests determining the critical 
temperature of the fuel. I do not see any means by 
which we could arrive at this temperature directly; 
however, the critical pressure, which is a quantity we 
can measure from the indicator card, does give us an 
indirect indication of the critical temperature, by com- 
putation from the initial temperature. 


Analysis Leads to Solid Progress 


CHAIRMAN UptoN:—Much progress has been made 
by cut-and-try methods; but the tendency of engineer- 
ing now is to try to analyze, because without analysis 
we are not sure what the weak spot in any particular 
engine may be. The value of this paper is that it rep- 
resents a really analytical attempt to find out just what 
is needed to make a fundamental improvement. Im- 
provement by the hit-or-miss methods may be had, but 
no one knows just why it came. When we analyze our 
successes and our failures, set up a scheme and find 
out whether that scheme corresponds to reality, we are 
in the line of faster progress. Mr. Janeway has at 





See Automotive Industries, Nov. 10, 1928, p. 665. 
” M.S.A.E.—Engineer, Perfect Circle Co., Hagerstown, Ind. 
l' M.S.A.E.—Assistant chief engineer, Graham-Paige Motors 


Corp., Detroit. 


122 M.S.A.—h.—Patent section, General Motors Corp., Detroit. 


least given us a path of trial and a scheme of operation 
that may give us more rapid progress. 

HARRY M. BRAMBERRY”:—Will you please give us 
your experience with reference to the effect of piston 
temperature on detonation? What should you say the 
effect on an engine would be of a difference between 
350 and 600 deg. fahr. in the temperature of an 
aluminum-alloy piston? 

Mr. JANEWAY:—I cannot give any quantitative data 
offhand, but the difference between 350 and 600 deg. 
certainly would be very perceptible. 

FLoYD F. KISHLINE”:—In cases of superchargers ap- 
plied to engines without change in the compression- 
ratio, it is said that there is little trouble with detona- 
tion. Can Mr. Janeway explain this? 

Mr. JANEWAY:—The reason is that detonation de- 
pends upon the attainment of a critical temperature by 
the unburned gas, and this critical temperature is but 
little affected by absolute pressure. Increasing the 
initial pressure by supercharging, without increasing 
the initial temperature in the cylinder, means that the 
maximum temperature obtained by compression of the 
unburned gas will be practically the same as without 
supercharging, since the increase in temperature de- 
pends upon the ratio of maximum to initial pressure 
rather than on the absolute pressure itself. The only 
tendency to increase detonation will be due to the rela- 
tively minor effect of the increased pressure on the 
lowering of the critical temperature of detonation. A 
corresponding condition obtains in the case of decreas- 
ing the initial pressure by throttling. It is common 
knowledge that it is necessary to throttle the engine 
very considerably to eliminate any appreciable degree 
of detonation. 


Harshness and Durability 


J. H. HuNtT’:—The discussion of Mr. Janeway’s 
paper indicates that there may be some misunderstand- 
ing as to what is meant by engine roughness. The dis- 
turbance comfng from a too rapid rate of pressure rise 
during the process of combustion is an entirely different 
phenomenon than that which has ordinarily been 
spoken of as engine roughness in the past, meaning a 
disturbance resulting from uneven firing in the dif- 
ferent cylinders, usually caused by defective distribu- 
tion, or mechanical disturbances caused by imperfect 
balance, insufficient rigidity of parts, and similar de- 
fects. The roughness from insufficient rigidity is 
closest to the roughness from improper combustion. 

It seems very doubtful if rubber mounting and the 
use of rubber in the clutch connections and universal- 
joints can be expected to suppress all of the results of 
roughness due to combustion effects. Too large a pro- 
portion of the evidence of this roughness reaches us 
through the ear by means of an air path from the 
engine. To eliminate the evidence of roughness by 
methods of mounting would be much the same as to 
try to eliminate detonation in the same way. This sug- 
gests that it might be desirable to use some other word 
than roughness to denote the disturbance due to rapid 
combustion; “harshness” might meet the requirements. 

Much has been said about the possible destructive 
effects of too rapid combustion upon the parts of the 
engine. Many modern high-compression engines show 
very pronounced harshness or combustion roughness 
with wide-open throttle at car speeds of about 50 m.p.h., 
and some of these have shown very satisfactory en- 
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durance on the dynamometer stand with wide-open 
throttle at a corresponding speed. This does not prove 
that the endurance would not be much better if the 
harshness were removed, but it does indicate the de- 
sirability of having those who have pertinent data on 
durability submit them for discussion. If destructive 
effects appear to be a result of this harshness, it would 
be desirable to know just what parts of the mechanism 
are affected and to what extent the destructive results 
can be reduced by mechanical design as distinguished 
from combustion-chamber design. 

Mr. JANEWAY:—Mr. Hunt’s discussion is pertinent 
in pointing out the confusion that exists as to just 
what combustion roughness is and how it makes itself 
felt. Since the magnitude of the shock effect for a given 
combustion characteristic depends upon the pressure 
developed, its effect is most noticeable in the car during 
wide-open acceleration through the maximum torque 
range, although it is also very perceptible at high 
speeds. There certainly is no critical speed of com- 
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bustion roughness, so far as the engine is concerned. 

Mr. Hunt emphasizes another important point in 
connection with the effect of combustion roughness or 
shock upon engine durability. I mentioned one case in 
which the change from a “rough” to a “smooth” head 
produced a marked change in the condition of the bear- 
ings after a 100-hr. endurance-run at 3000 r.p.m. with 
full load. This *was in a six-cylinder seven-bearing en- 
gine, in which the center bearing received the most 
punishment. The center bearing was found to be 
cracked at the end of 100 hr. with the rough head, while 
it was in perfect condition at the end of the same period 
with the smooth head. 

The statement that rubber insulation cannot be de- 
pended upon to eliminate the unpleasant effects of com- 
bustion roughness is amply borne out by experience. 
The only fundamental cure for this disturbance is the 
correction of the combustion characteristic, which 


avoids the destructive effects of shock by eliminating 
its cause. 





Combustion-Chamber Design 


the loss of ideal but imaginary laws by an applica- 
tion of the Whatmough principles, which merely re- 
quire common sense in recognizing extremes of heat 
variation instead of useless computation from mean 
pressures and temperatures. 


As regards other points raised, a variable-compres- 


sion engine provides a direct means of determining the 
relation between increasing compression and lowering 
of spark advance for a particular type of combustion- 
head. 

fig. 17 in the paper typifies the prevailing trend in 
European side-by-side-valve engines, the clearance 
space being increased in some cases by inclining or pro- 
filing the head, or even by grooving the piston. Fig. 
9 is probably an over-swinging of the pendulum in an 
attempt to escape from rough-running turbulent heads. 

In designing a Whatmough head, provision is made 
for unrestricted flow to and from the cylinder. In an 
anti-turbulent L-head four demands are made upon 
available clearance: (a) around the inlet; (0) around 
the exhaust; (c) transfer passage, and (d) clearance 
over the piston. Planimetry of sections usually pro- 
vides data for suitable subdivision, but at compression 
ratios approaching 6:1 compromise is necessary, as 
flattening of the chamber reduces the effective flow 
area. In cases of doubt, tests are made on wooden 
models. The results from the experimental engine 
(Fig. 22 in the paper) prove that such balance is real. 
The lesson is that there is a limiting ratio of swept 
volume to clearance volume beyond which the effective 
compression is reduced; hence the need for exactness 
once in a while. 

The discursive discussion by Mr. Janeway is aptly 
summed up by his last sentence regarding “false theo- 
ries that bar the way to progress.” Instead of criticism, 
the objections raised are a blank denial in the form of 
a reiteration of the Janeway theory of combustion- 
head design. Mr. Janeway’s blindness to the work of 





18 See The Automobile Engineer, June, 1927, p. 207. 


14 See The Journal of the Chemical Society, December, 1928, p. 
3215. 


(Concluded from p. 383) 





others can only be the product of a mind in which an 
idea develops into an obsession. He begins by a mis- 
reading of the paper which amounts to misrepresenta- 
tion. The attempt to condemn British engine design 
is wholly unwarranted in view of the fact that a defi- 
nite statement is made regarding the choice of the 
historical and illustrative examples of combustion- 
head designs. It happens that British commercial chas- 
sis are the finest examples of automotive engineering 
ever made, but it is invidious to compare products de- 
signed for different markets. 

In general, Mr. Janeway’s remarks are so irrespon- 
sible or inaccurate that it is useless to reply thereto 
in detail. It will suffice to state that the photographic 
work of Ellis* definitely disproves Janeway’s mecha- 
nism of flame propagation in his successive stages. The 
most recent work" shows that heat abstraction slows 
flame travel, as I originally supposed. Furthermore, 
heat loss profoundly modifies flame form, even to the 
extent of turning the flame front inside out. It is 
also known that flame passes freely through combus- 
tible without causing pressure until contact is made 
with the walls of the container. All these phenomena 
contradict Mr. Janeway’s Fig. 26. Again, inflamed 
gas moving at twice hurricane speed must give a tilting 
blow to a piston covered by a turbulent head. 

Mr. Janeway quibbles about turbulence when he 
should know that spurting gas through a restriction 
into an offset valve-cavity is the inherent principle in 
gasoline-engine design of so-called turbulence and the 
turbulent head. In my writings I define the scope of 
the terms employed, and Mr. Janeway might copy with 
advantage. 

According to the Janeway theory of combustion- 
head design, the combustion-head of Fig. 4 in my paper 
should be more knock-proof than that of Fig. 35 here- 
with, as the former has the cooler clearance space, as 
shown by flame quenching. Actually, the reverse is 
the case; the higher compression-head of Fig. 35 being 
much smoother and more knock-proof in engine prac- 
tice, which thus inverts theory once more. 
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A COMPREHENSIVE account is given of the devel- 

opment and present status of our knowledge of 
the combustion of motor fuels in the engine, as de- 
duced from the spectra themselves, with but little 
regard to theories. Spectograms and references are 
given that are intended to suggest and facilitate fur- 
ther investigations by both practical and theoretical 
spectroscopists. 


Iron-spark reference-spectra are shown for the 


combustion engine have been studied with the ob- 

ject of analyzing the reaction taking place in an 
engine cylinder during combustion and detonation. Such 
studies have been reported in previous papers by G. L. 
Clark and the writer’, by G. L. Clark and A. L. Henne’, 
and by G. L. Clark*. Spectra also provide an excellent 
method of chemical analysis of elements and compounds 
and give us an important clue to the structure of the 
molecule and modes of vibration of the atoms. 

Spectra, however, are usually very complex, and there 
could be but little hope of progress in the direction indi- 
cated if it were not possible to discover laws governing 
the distribution of the lines or bands of which they are 
composed. The search for such laws has attracted 
many workers, and systems of lines have been found 
in the spectra which can be approximately represented 
by simple formulas. The observation of these regu- 
larities has naturally played a fundamental part in the 
development of theories of the origin of spectra and of 
the constitution of atoms and molecules. The analysis 
of spectra has thus become one of the main objects of 
modern spectroscopy, stimulating the experimentalist 
to the extension of existing data and providing ma- 
terial in a form suitable for the theoretical investigator. 

The spectra dealt with in this paper extend from 4500 
Angstrém units in the visible region to 2800 Angstrém 
units in the middle ultra-violet. 

The study of spectral lines or bands calls for a precise 
knowledge of their wave-lengths and characters. 

The energy possessed by the molecule of a gas can 
be divided, according to William A. Bone and Donald 
A. T. Townend’, into: Translational or kinetic energy, 
k, due to external movement of the molecules as a whole, 
causing temperature and pressure; rotational energy, r, 
or movements within each molecule caused by collision 


Geom of motor fuels burning in an internal- 


i §.M.S.A.E.—Quartermaster Corps, Motor Transport Branch, on 


special duty at Massachusetts Institute of Technology, Cambridge, 
Mass. 
2 See Industrial and Engineering Chemistry, May, 1926, p. 528. 


®’ See THE JOURNAL, February, 
vol. 22, 1927. part I, p. 15. 

4 See S.A.E. JOURNAL, August, 1928, p. 167. 

5 See Flame and Combustion in Gases, Longmans, Green & Co., 
p. 201. 


1927, p. 264, and TRANSACTIONS, 





measurements of the lines and bands on the specto- 
grams. Each spectogram is analyzed and an explana- 
tion is offered for each observed phenomenon. The 
positive-band spectrum of ionized nitrogen is identified 
near the electrodes of the spark-plug. 

The three most sensitive lines of lead are identified 
in the spectra of fuels containing ethyl] fluid, and the 
possibility of developing a method for estimating the 
concentration of lead in fuel is suggested. 


with others; and vibrational energy, v, which, though 
affected by collisions, is primarily connected with the 
absorption and emission or radiation. Hence, in gen- 
eral, the total energy, &, of a molecule at a given instant 
may be expressed as the sum of k, r, andv; L=k-+r 
+ 4, 


Emission and Absorption Spectra 


It has been shown that the vibrations of an atom in a 
molecule and the rotation of the molecule itself give rise 
to band spectra. Line spectra are produced by electrons 
jumping from one orbit to another orbit within the 
sphere of influence of an atom. Every atom has char- 
acteristic line spectra depending on the number of elec- 
trons and orbits which that particular atom possesses 
and the manner in which the item is excited. 

For example, when a molecule of a hydrogen com- 
pound of carbon has been combined with air in the cor- 
rect proportions and been ignited by means of a high- 
tension spark, the resulting molecule is set into motion 
by virtue of the high temperature produced by the 
chemical reaction. 

When electrons meet gas molecules they break them 
to pieces, separating them into positive and negative 
ions (ionization). The ions set in motion by electrical 
forces can break other gas molecules to pieces, thus as- 
sisting in the ionization process. 

Free air can be ionized in various ways. This ioniza- 
tion can be detected, because the air becomes more or 
less conducting; in fact, electric forces will drive the 
positive and negative ions through the air in opposite 
directions, thus giving rise to an electric current. If 
the ionization process is not steadily continued, the air 
gradually loses its conductivity, as the positive and 
negative ions recombine into neutral atoms or mole- 
cules. Ionization can be produced by flames, since the 
air rising from a flame contains ions. A strong ioniza- 
tion can be brought about by ultra-violet rays. In the 
case of ionization in the combustion-chamber of an in- 
ternal-combustion engine, the ultra-violet rays of the 
high-tension electrical discharge from the spark-plug ex- 
ercise an ionizing influence. 
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When the atom or molecule of an element is excited to 
light emission, the light in general is found to consist 
of a number of superimposed waves of definite frequen- 
cies peculiar to the element and to the mode of excita- 
tion. The method of analyzing the light by observation 
produces a number of narrow lines, each caused by light 
of the same frequency, and it is usual to refer to these 
as lines and to the whole congeries of lines or frequen- 
cies as the spectrum of the element. This spectrum 
must depend in some way on the constitution of the 
atom and be determinable by it. 


Function of the Spectroscope 


The function of the spectroscope, shown diagramati- 
cally in Fig. 1, is to receive a sample of light, to sepa- 
rate the different components and to show them to us 
arranged side by side in what is called the spectrum. 
The spectrum is a most orderly report, drawn up in 
the most concise form, of the analysis of the sample 
of light that passes into the slit of the spectroscope. 

In a broad sense, then, everything that can be seen 
—flame, red-hot metal, electric spark—has a spectrum. 
These things can be divided into two classes: first, 
those that are visible because they emit light of their 
own; and, second, those that can be seen only because 
they reflect, diffuse or transmit light that falls upon 
them from other sources. Spectra from the first of 
these classes, known as emission spectra, are the ones 
that will be dealt with in this paper. 

If we make a photographic spectrogram of the light 
from motor fuels burning in an internal-combustion 
engine and compare the positions of the spectrum lines 
and bands with those on carefully measured spectro- 





1367. 


®See Industrial and Engineering Chemistry, December, 1927, p. 


grams of the products that can be expected, we shall 
be able to tell what are the products of the combus- 
tion. The products that can be expected in the case 
of burning motor fuels are: water, H,O; carbon diox- 
ide, CO,; carbon monoxide, CO; nitrous oxide, NO; 
cyanogen, CN; hydrogen, H; nitrogen, N; oxygen, O; 
carbon, C; and, in case of ethyl gasoline, lead oxide, 
PbO; and other hydrocarbons and lead compounds. 

Absorption spectra are obtained by placing trans- 
parent substances—liquid, solid or gaseoug—in a quartz 
absorption-cell between the slit of the spectrograph and 
an outside source of continuous ultra-violet light. Both 
the light source, A, and the absorption cell, E, are 
shown in Fig. 2 among the accessories of the spectro- 
graph. 

Elements have absorption spectra as well as emis- 
sion spectra; they absorb light out of a continuous 
spectrum in lines as narrow and as discrete as the 
lines of their emission spectra. The absorption lines 
appear dark on the continuous background, and the 
mechanism of absorption spectra is the reverse of that 
which gives rise to emission spectra. Since absorption 
involves a loss of radiant energy, it is reasonable to 
suppose that the absorbed light does work on the atom. 

Fundamental data on types of spectra and wave- 
lengths and their measurement will be found in the 
Appendix of this paper. 

Approximately the same apparatus was used in this 
research as has been described in the previous papers 
to which references have been made, with the exception 
of the spectrograph. The spark source for producing 
the iron and lead reference spectra and the spark-plug- 
electrode-spark spectrum simultaneously with the fuel 
spectrum was a Marconi 4-kw. field transmitter-set 
with connections as in Fig. 3, described by Henry G. 
de Laszlo.* 

An apparatus for producing the spark can also be 
made with an induction coil, a 4%4-kw. transformer giv- 
ing 15,000 volts on open circuit, a condenser, and a 
self-induction coil. If alternating current is not avail- 
able, a small converter must be added. 

The typical series of spectrograms shown in Fig. 4 
were selected from those obtained during the research. 
The data for each spectrum are tabulated in Table 1. 

Spectrum No. 1 was obtained with the engine oper- 
ating under severe detonating conditions at 1400 r.p.m., 
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Fic. 2—SPECTROGRAPH AND ACCESSORIES 


The Elements Shown, Lettered to Correspond with Fig. 1, Are: A, 
C, Arc; DVD, Quartz Lens; 


Under-Water Spark for Continuous Ultra-Violet Light; B, Spark Gap: 
E, Quartz Absorption-Cell; F, Slit of Spectrograph; and J, Photographic-Plate Holder 
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with 1685-watt load and a normal 
fuel-air ratio. The characteristic 
feature of this spectrum is that it 
consists of a continuous spectrum 
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Those that have been measured are 
2 3159, 3371, 3577, 3805, 3914 and 
3928 Angstrém units. These have 
been identified as the so-called posi- 


Se/f#-Induction Co// 


of considerable intensity upon Condenser x tive bands of nitrogen, which are 
which is superimposed an_ ill-de- E & usually associated with the normal 
fined band spectrum. The _ ultra- nitrogen molecule with one electron 
violet band of water vapor at removed, or ionized nitrogen. The 
3 3064 Angstrém units is a con- characteristic hydrocarbon line is 
spicuous feature. Fig. 3 ELECTRICAL CONNECTIONS FOR clearly visible at >» 4314, and 

Spectrum No. 2 was obtained ——— the head of the hydroxyl group 
with the engine operating with is at } 3064 Angstrém units. This 


slight detonation at 1400 r.p.m., with 1625-watts load 
and a normal fuel-air ratio. The banded part of 
the spectrum is more distinct than in spectrum Ne. l, 
and the continuous part is less intense. The charac- 
teristic feature of this spectrum is the narrow strip 
of bands superimposed on the continuous spectrum. 


strip of nitrogen bands was produced by the ionizing 
effect of the spark-plug, which was directly in line with 
the quartz window on the opposite side of the combus- 
tion-chamber. Such strips were found only in direct 
proximity to the spark-plug. The iron reference-spec- 
trum is seen at the sides of the continuous spectrum. 


TABLE 1—FUEL AND ENGINE DATA OF TESTS 
Spec- Engine 
trum Throttle Load, Speed, Detona- Exposure, 
No. Opening Fuel’ Watts R.P.M. tion Color of Flame Min. Remarks 
1 1/2 75 1,685 1,400 Yes Blue-White 10 Severe detonation 
2 1/2 78 1,625 1,400 Yes Blue-White 15 Slight detonation 
} 1/4 123 1,140 1,400 No Blue 15 Combustion 
4 3/4 64 1,891 1,550 No Hazy Blue 10 Explosion 
5 1/2 40 1,667 1,440 No Yellow 10 Rich mixture 
6 1/2 86 1,512 1,400 No Cloudy Blue 10 Ethyl, 5 cc. per gal. 
7 1/2 70° 1,620 1,400 Yes Cloudy Blue 10 Ethyl, 2 ec. per gal. 
The temperature of the cooling water was 75 deg. fahr. at the e each spectrogram was take 
ea All spectra are from straight-run gasoline excepting No. 4, which is from benzens The figures give the time in seconds required 


to burn 32 ce. of fuel. 
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Fig. 4—SELECTED SPECTROGRAMS FROM BURNING FUEL WITH IRON REFERENCE-SPECTRA 


Nitrogen Bands Caused by the Ionization Effect of the Spark-Plug Are Seen in the Center of Some of the Spectrograms. 


Angstrém Units Is Shown at the Top of the Figure. 


A Scale of 


All Wave-Lengths Taken From Handbuch der Spektroscopie, by Heinrich Kayser 


and Heinrich Koven 
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Spectrum No. 3 was obtained with the engine oper- 
ating without detonation at 1400 r.p.m., with 1140- 
watts load and a normal fuel-air ratio. The continuous 
part of the spectrum is not present under these con- 
ditions. 

Spectrum No. 4 was obtained with the engine oper- 
ating on benzene with no detonation at 1400 r.p.m., 
with 1891-watts load and a normal fuel-air ratio. This 
spectrogram shows a very strong continuous spectrum 
extending into the ultra-violet, certainly up to 2811 
Angstrém units, its intensity being such that the char- 
acteristic hydrocarbon line and bands were completely 
masked. 

Spectrum No. 5 was obtained with the engine oper- 
ating without detonation at 1400 r.p.m., with 1667- 
watts load and a rich mixture. The most characteristic 
feature of this spectrogram is the absence of the ultra- 
violet band of water vapor at ) 3064 Angstrém units. 

Spectrum No. 6 was obtained with the engine oper- 
ating without detonation at 1400 r.p.m., with 1512- 
watts load and with 5 cc. of ethyl fluid per gallon of 
fuel. 

Spectrum No. 7 was obtained with the engine oper- 
ating under slight detonation at 1400 r.p.m., with 1620- 
watts load and with 3 cc. of ethyl fluid per gallon of 
fuel. 

Conclusions Drawn from Spectra 


We have found that our results are similar to those 
obtained by Frank R. Weston’; namely, that a con- 
tinuous spectrum was obtained extending from 4500 
to 2800 Angstrém units for straight-run motor fuels 
burning under detonating conditions. The same re- 
sults were obtained when using benzene as a fuel under 
the same running conditions but not detonating. The 
straight-run motor fuel running under non-detonating 
conditions gave no continuous spectrum. 

The positive band spectrum of ionized nitrogen has 
been identified in the neighborhood of the electrodes 
of the spark-plug. 

The three most sensitive lines of lead in the spectra 
of fuels containing ethyl fluid were found to be AA 4058, 
3683 and 3640. The band spectra of lead molecules 
were conspicuous with high concentration of ethyl] fluid 
but were not present with low concentration. 

We think that the spectroscopic method could be 
developed, under more carefully regulated conditions 
than have been used in the past, for the estimation of 
lead concentration in motor fuels. 

Carbon monoxide burning in air, as is well known, 
has a characteristic blue and highly radiative flame.* 
A. Smithells’ recorded in 1901 that the flame of carbon 
monoxide gives a continuous spectrum when burning 
in air, oxygen or nitrous oxide, and also when the 
combustion is inverted by burning oxygen in an atmos- 
phere of carbon monoxide. 

George L. Burch’s observations” showed that, when 
carbon-monoxide gas is burned under reduced pressure, 
its spectrum becomes discontinuous—that is, the con- 
tinuous part of the spectrum becomes less intense— 


SSee Proceedings of the Royal Society of London, vol. 109A, 
1925, p. 176. 

®See Philosophical Magazine, April, 1901, p. 476. 

10 See Nature, Dec. 16, 1886, p. 165. 

11 See Proceedings of the Royal Society of London, vol. 109A, 


1925, Dd. 176 
122 See Physical Review, February, 1926, p. 246. 
18 See Zeitschrift fur Physikalische Chemie, vol. 137, 
“ See Nature, Dec. 8, 1928, p. 879. 
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and that the maxima of light, though ill-defined, are 
in such positions as suggest that they are vestiges of 
oxy-carbon bands. 


Reactions of Carbon Monoxide 


The flame spectra of carbon monoxide and the effect 
on it of admixture of hydrogen in varying proportions 
have been determined.” The spectra of pure undried 
carbon monoxide consists of a banded radiation, ex- 
tending from 5000 to 2200 Angstrém units, on which 
a continuous spectrum and some steam lines are super- 
imposed. As the carbon monoxide in the burning gas 
is progressively replaced by hydrogen, both the con- 
tinuous and the banded parts of the spectrum fade 
away until, at an equi-molecular mixture of the gases, 
they nearly disappear and only steam lines remain 
visible. The intensity of these lines increases with 
the amount of hydrogen, reaching the maximum in the 
spectrum of pure hydrogen. At the same time, a rapid 
shortening of the ultra-violet end of the continuous 
spectrum occurs. With undried air, the continuous 
part of the spectrum is intensified and prolonged. Dried 
oxygen has the effect of diminishing the intensity of 
the steam lines. 

By burning carbon monoxide and oxygen at various 
pressures it was found that, as the pressure is reduced, 
the banded spectrum becomes more distinct and the 
continuous part less intense, without any alterations 
of the positions of the bands. Bone concluded” that 
two sets of independent reactions occur simultaneously 
in the flame of undried carbon monoxide: (a) direct 
combination of carbon monoxide and oxygen, exciting 
radiations which give rise to the continuous and banded 
parts of the spectrum and to the blue color of the 
flame; and (b) reactions between carbon monoxide and 
oxygen molecules, giving rise to steam lines in the 
spectrum. Addition of hydrogen causes the second 
reaction to predominate. 

W. W. Watson,” of the University of Chicago, states 
that results of both an experimental and theoretical 
nature lead to the conclusion that the ultra-violet water- 
vapor band, ) 3064, has its origin in the hydroxyl] ion 
rather than the water molecule. This is because both 
hydrogen and oxygen are necessary for their produc- 
tion, and it is impossible to excite this spectrum with 
the weakest electrodeless discharge through flowing 
water-vapor without causing the appearance of the 
hydrogen lines, thus indicating that the H,O is easily 
decomposed into OH and H. Watson and Heurlinger 
identified OH bands at AA 3064, 3126, 2811 and 2875 
Angstrém units. Furthermore, the application of the 
quantum theory of band spectra to the fine structure 
of the A 2811 and 3064 Angstrém-unit bands gives 
information favoring OH as the carrier. 


Mysteries Still in Combustion 


The evidence in favor of the view that the hydroxyl 
radical is present in flames has been summarized re- 
cently by K. F. Bonhofer and F. Haber.* There is evi- 
dence and no doubt that this radical is the emitter of 
the band at 3064 Angstrém units. 

The maximum emission of radiations is not asso- 
ciated with the mixture 2H,+ 0,, which gives the 
highest flame temperature, but with the mixture 
H,-+ O,, indicating that the hydroxyl radical may be 
responsible for the emission of part of the radiation 
of the hydrogen flame.“ 
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In spectrogram No. 1 in Fig. 4, of straight-run gaso- 
line burning in an engine under detonating conditions, 
can be seen beside the OH band a banded radiation, 
extending from 4500 Angstrém units in the visible 
region to 2800 Angstrém units in the ultra-violet, on 
which a continuous spectrum is superimposed. Both 
the banded and the continuous spectrum are presum- 
ably associated with the characteristic color and actinic 
properties of a carbon-monoxide flame. 

When the straight-run gasoline was burning in the 
engine under non-detonating conditions, as shown in 
spectrum No. 3, the continuous part of the spectrum 
faded away, leaving only the OH band at A 3064 and 
the nitrogen bands visible in the spectrogram. The 
hydrocarbon line at A 4314 was also visible. 

From the chemical point of view, we are yet far 
from understanding the mode of combustion of carbon 
monoxide and still farther from understanding the 
mechanism of the combustion of hydrocarbon com- 
pounds in an internal-combustion engine. Ever since 
H. B. Dixon’s discoveries that a perfectly dry mixture 
of carbon monoxide and oxygen in combining propor- 
tions does not explode when electric sparks of ordinary 
intensity are passed through it, and that a flame of 
dry carbon monoxide is easily extinguished on being 
introduced into a jar of air that has been dried over 
strong sulphuric acid, chemists have believed that there 
is some peculiar lack of affinity of carbon monoxide for 
carbon molecules in the flame, which the presence of 
steam somehow overcomes. 

I am indebted to Prof. F. A. Saunders, of Harvard 
University, for much useful help in the interpretation 
of the spectrograms. My thanks are also due to Prof. 
Henry G. de Laszlo, Massachusetts Institute of Tech- 
nology, for the assistance he has rendered and for the 
loan of his Hilger E-2 spectrograph and other equip- 
ment used in this work; to Prof. C. F. Taylor, of the 
Department of Aeronautics, Massachusetts Institute of 
Technology, for his valuable suggestions made during 
the research; and to President S. W. Stratton, of the 
Massachusetts Institute of Technology, who made this 
research possible by his cooperation with the War 
Department. 


APPENDIX 


Spectra are divided into three classes: continuous 
spectra, band spectra, and line spectra. 

Continuous spectra come from incandescent solid 
bodies; a red-hot metal, the crater of the electric arc, 
and the filament of an incandescent lamp contain rays 
of every possible wave-length between limits depending 
on the temperature. 

Band spectra consist of bands separated by dark 
spaces. When observed with a high resolving power, 
each band is found to consist of very fine lines. The 
lines become closer and closer on one side of the band 
until they coincide. This side has consequently a sharp, 
bright edge called the head of the band. With a low 
resolving power, the bands are not resolved, and the 
spectrum appears channeled or fluted. All spectra of 
compounds are band spectra. 

Line spectra consist of separate bright lines on a 
dark background. The different lines differ in intensity 





% See Flame and Combustion in Gases, Longmans, Green & Co., 
p. 324. 


and when examined with a high resolving power do not 
always appear the same. Some are sharp on one side 
and nebulous or diffuse on the other, and others are 
diffuse on both sides. Lines that appear dark on a 
bright background are called absorption lines and are 
the result of the absorption of light or energy of definite 
wave-lengths. Bright-line spectra are made up of bright 
lines on a dark background; the lines are the result of 
radiation of light of definite wave-lengths. 

Wave-lengths of light are expressed in terms of 
tenth-meters, also called Angstrém units. These units 
are so small that ten of them amount to only one-mil- 
lionth of a millimeter. A tenth-meter is the unit of 
length obtained by subdividing one meter into a num- 
ber of parts represented by the figure 1 followed by 10 
noughts, 10,000,000,000. Therefore one tenth-meter, or 
Angstrém unit, equals 1/10” m., 0.0000001 mm. or 
0.00000003937 in. 

The wave-length of green light is about 5000 tenth- 
meters, or 0.00002 in., the wave-length of red light is 
6500 tenth-meters, and the wave-length of violet light 
is 4200 tenth meters or Angstrém units. 

The wave-lengths of the various regions are re- 
corded on the photographs of the spectra. The frequen- 
cies are deduced from the relation V = nd; where n is 
the number of waves per second that pass a certain 
point; A is the wave-length, in Angstrém units; and V 
is the velocity, in meters per sec. In the case of violet 
light, having a wave-length of 4200 Angstrém units. 
we find the frequency by finding the number by which 
4200 Angstrém units must be multiplied to give 299,- 
460,000 meters. The number required is 713,000,000,- 
000, and represents the number of vibrations per sec- 
ond. The velocity of light in vacuo is 299,460,000 m., 
or 186,000 miles, per second. 


Application to Study of Combustion 


Of the total energy developed by the combustion of 
motor fuels in engines, part is radiated away and the 
remainder is transformed into work in the cylinder. 
The radiations emitted may comprise widely different 
wave-lengths, from low-frequency radiations in the 
infra-red up to high-frequency radiations in the ultra- 
violet; and each flame has its own characteristic spec- 
trum, according to the chemical changes occurring in 
it. The study of such spectra, whether in the infra-red, 
the visible, or the ultra-violet region, assists greatly in 
our interpretation of flame reactions.” 

Since each element has a characteristic emission 
spectrum, it is possible to identify an element by the 
position of its spectrum lines. A standard is required 
to determine this position; and for this purpose the 
light from a spark between iron electrodes is usually 
used, the wave-lengths of all its lines having been de- 
termined with great care. The spectrum lines of the 
unknown element are measured by interpolation be- 
tween two known iron lines; then we can see at once 
which elements are giving rise to the lines by referring 
to published lists of spectrum lines. 

Our knowledge of the molecular structure of gases 
can be greatly advanced by the application of quantum 
mechanics to the vibrational-rotational bands in the 
infra-red region, as well as by the information ob- 
tained from the spectra of motor fuels taken in the 
ultra-violet region. 
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Inlet-Manifold Design and Fuel 
Utilization 
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HE results of research concerning the problem of fuel 

utilization in automotive engines are presented. A large 
heavy-duty six-cylinder engine was used, and the experi- 
mental apparatus and methods employed are described in 
the Appendix. Charts summarizing the engine characteris- 
tics at seven-eighths full-open throttle, the important char- 
acteristics determined by exhaust-gas analysis, and the ac- 
tual distribution of the fuel charge to the individual cylin- 
ders are presented. The characteristics indicated by the 
charts are discussed and the conclusion is reached that the 
higher engine-speeds used not only resulted in somewhat 
higher air-fuel ratios for the engine but also caused more 


even distribution of the charge to all the cylinders individ- 
ually. 


SUMMARY of the results obtained for one phase 
of an exhaustive study of the problem of fuel 
utilization in automotive engines recently com- 

pleted at the Massachusetts Institute of Technology is 
presented herewith, the discussion being limited to cer- 
tain experimental data and to some ideas concerning 
manifold design that are based on these data. The in- 
vestigation was carried out on a large heavy-duty six- 
cylinder engine, and the experimental apparatus and 
procedure are described in the Appendix. Typical re- 
sults of these tests are given in the accompanying 
charts. 
Results of Tests 

Fig. 1 summarizes the engine characteristics at seven- 
eighths full-open throttle, curves being given of the 
brake horsepower, torque, brake mean effective pres- 
sure, specific fuel-consumption, and thermal efficiency. 
The curves are all of the conventional shape for each 
result; their smoothness and regularity denote even en- 
gine-operation, it being satisfactory. Because of the 
slightly closed throttle, the brake horsepower did not 
reach the maximum, but this is of little or no conse- 
quence in this case. 

Fig. 2 shows the more important characteristics de- 
termined by exhaust-gas analysis. These are the air- 
fuel ratio, which indicates the pounds of air used per 
pound of gasoline fed, and the completeness of combus- 
tion of the gasoline, which indicates the percentage of 
the energy in the gasoline actually liberated in the op- 
eration of the engine. For the gasoline used in these 
tests the theoretical air-fuel ratio was 15.58 lb. of air 
per pound of gasoline. These curves are based on the 
exhaust-gas samples taken from the engine as a whole, 
and not on the individual cylinder samples. The air- 


1 Automotive-engineering staff, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 


Illustrated with CHarts AND PHOTOGRAPHS 





The question is asked: Why did the center cylinders 
receive much richer mixtures than the end cylinders at the 
lowest speed, yet find themselves with practically the same 
mixtures as the end cylinders had at the highest speed? 
The author then makes certain assumptions and comments 
upon the data obtained in an effort to answer this question. 

In conclusion, the author suggests that, since the primary 
function of the inlet manifold is to conduct the charge from 
the carbureter to the cylinders, the manifold should be de- 
signed so that it executes this purpose most effectively. 
Second, because he considers the engine as merely a 
mechanical converter of chemical energy, he believes that 
strict attention paid to the chemical phases should result in 
engines of much superior fuel-utilization characteristics. 


fuel-ratio curve shows that the average charge supplied 
to the entire engine becomes leaner with increased 
speed of operation. At no time, however, is the theo- 
retical ratio reached or exceeded; that is, the mixture is 
rich in gasoline over the entire speed range but it is less 
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Engine Speed, r. p.m. 


F1G. 1—-CHARACTERISTIC CURVES OF THE ENGINE 


The Curves Are All of the Conventional Shape for Each Result; 
Their Smoothness and Regularity Denote Even Engine-Operation, 
It Being Satisfactory 


rich at the higher speeds and, therefore, the carbureter 
characteristics were such that the amount of air sup- 
plied increased faster than the supply of gasoline in- 
creased, which resulted in mixtures successively less 
rich. The completeness-of-combustion curve shows 
characteristics similar to those of the air-fuel-ratio 
curve. This is to be expected because the leaner the 
mixture is, the more complete the combustion should be 
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on account of the increased amount of oxygen available. 
It will be observed further that the fuel was burned 
only about 90 per cent completely. At no time was the 
supply of air, as determined by the air-fuel ratio, suffi- 
cient, stoichiometrically, to burn all of the gasoline sup- 
plied to carbon dioxide and water. This resulted in the 
unnecessary wastage of 10 per cent of the energy con- 
tent of the gasoline fed to the engine. 

Fig. 3 considers the actual distribution of the fuel 
charge to the individual cylinders. One axis gives the 
air-fuel ratio; the other, the cylinder under discussion. 
The air-fuel ratio of the engine as a whole has also been 
indicated, and each speed of operation used for this con- 
dition of engine operation is shown. On account of the 
test set-up and conditions, the variations exhibited are 
confidently believed to be caused by the actual flow of 
the charge in the manifold itself, as induced by the op- 
eration of the engine. 


Curves at Different Engine-Speeds 


Consider the curve for an engine speed of 828 r.p.m. 
Cylinder No. 1 shows an air-fuel ratio considerably 
higher than the ratio for the engine, cylinder No. 2 
shows a mixture somewhat richer than the engine mix- 
ture, and cylinder No. 3 shows a still richer mixture. 
Cylinders 4 and 5 show mixtures less rich than does 
cylinder No. 3, but they are still below the ratio of the 
engine. On the other hand, cylinder No. 6 shows a 
leaner mixture than does the engine. Therefore, the 
statement can be made that the end cylinders receive 
the leanest mixtures and that the center cylinders re- 
ceive the richest mixtures. 

On the curve for 920 r.p.m. cylinder No. 1 shows a 
mixture leaner than the engine charge, and cylinders 
2, 3, and 4 show mixtures richer than that of the en- 
gine; but cylinders 5 and 6 are each receiving a charge 
leaner than that of the engine. Again, therefore, the 
end cylinders are receiving the leaner mixtures while 
the center cylinders are fed richer mixtures. 

The curve for 1094 r.p.m. shows the same general 
characteristics as the curve for 828 r.p.m. Cylinder 
No. 1 has a leaner mixture than has the engine, that for 
cylinder No. 2 is slightly richer than that of the engine, 
and the mixture for cylinder No. 3 is still richer. Cyl- 
inder No. 4 has a ratio between that of No. 2 and that 
of No. 3. The ratio for cylinder No. 5 is the same as 
that of the engine, but for cylinder No. 6 it is leaner 
than that of the engine. Again, therefore, the end cyl- 
inders are receiving the leaner mixtures while the cen- 
ter-cylinder mixtures are richer than the mixture for 
the engine as a whole. 

The last speed used, 1243 r.p.m., represented the maxi- 
mum that could be usefully employed. It is regretted 
that still higher speeds could not be attained. This 
curve shows that cylinders 1 and 2 receive the same 
mixture ratio as that for the entire engine, Nos. 3 and 
4 receive richer mixtures, and Nos. 5 and 6 receive mix- 
tures slightly leaner. Thus the end cylinders still re- 
ceive leaner mixtures than do the center ones. 


Degrees of Richness as Speed Increases 


Concerning the degrees of richness as the speed is 
increased, it should be noted that the air-fuel ratio of 
the engine is gradually increasing, that is, showing mix- 
tures less rich as the speed is raised. 

Second, it will be observed that the magnitude of the 
differences in the air-fuel ratios of the cylinders is 


steadily diminished as the speed is increased. The 
curve for 828 r.p.m. shows a variation in the air-fuel 
ratios of from 14.6 for the leanest condition to 12.1 for 
the richest; that is, cylinder No. 1 was receiving 2.5 
more pounds of air per pound of gasoline than was 
cylinder No. 3. This means that there was a marked 
tendency on the part of the gasoline to accumulate so 
that a greater portion of it was fed to the center cylin- 
ders. But when the highest speed had been reached, 
1243 r.p.m., the maximum difference in the air-fuel ra- 
tios was only 0.3 lb. of air per pound of gasoline. It 
can be concluded logically that the gasoline was then 
being distributed nearly equally between all the cylin- 
ders. The center cylinders were receiving more air per 
pound of gasoline than they formerly were, while the 
end cylinders were receiving less air per pound of gaso- 
line. 

From the preceding discussion, it can be concluded 
that the higher engine-speeds used not only resulted in 
somewhat higher air-fuel ratios for the engine but also 
caused more even distribution of the charge to all the 
cylinders individually. 


Two Important Points Analyzed 


Two points in the foregoing discussion are most im- 
portant. The first is the increasing leanness of the 
mixture obtained for the engine as a whole as the speed 
increases. This is almost unquestionably caused by the 
discharge characteristics of the carbureter; that is, the 
flow of air past the jets, together with the discharge 
values of the jets themselves, cause a proportionately 
smaller increase in the amount of gasoline picked off 
than was the increase in the total weight of air itself. 
Hence the engine would receive a leaner mixture at the 
higher speeds than it did at the lower speeds. This, 
then, is fundamentally a question of carbureter design 
and therefore outside the limits of this paper. 

The second point has to do with the way in which the 
fuel charge supplied to the manifold riser by the car- 
bureter split up in going to the individual cylinders. 
in other words, why did the center cylinders receive 
much richer mixtures than the end cylinders at the low- 
est speed, yet find themselves with practically the same 
mixtures as the end cylinders had at the highest speed? 
The following discussion is offered in an effort to an- 
swer this question. 

Given a mixture of gasoline and air in the riser lead- 
ing from the carbureter to the inlet manifold, let it be 
assumed first that this mixture contains exactly the cor- 
rect weights of air and fuel for complete combustion, so 
that the question of metering in the carbureter can be 
neglected. Assume that this is a “normal” mixture, in 
the sense that the gasoline is evenly distributed through- 
out the air in a finely divided form. If the gasoline 
were in the truly gaseous state, the final particles would 
be molecules and there would be a mixture of molecules 
of gasoline and of air. It should be noted here that a 
true vapor is the same as a true gas; the terms are syn- 
onymous. But as it can scarcely be believed that such a 
condition exists in the riser of a manifold, the more 
logical view that the gasoline is present in the air as a 
collection of fine particles of liquid, held more or less 
in suspension by the air, will be taken. These particles, 
fine though they are, being possessed of a greater den- 
sity than the air, will tend to settle out of the air; they 
will be restrained from doing so only if the strength of 
the air-film on which each particle rests is sufficient to 
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avoid rupture. This, then, is the 















































+ 100 change. These fundamental me- 
first condition of proper distribu- ¢§ chanical characteristics are di- 
tion; the particles of fuel must o§ rectly applicable to the mixture 
be restrained from settling out of &¢ 90 moving through the inlet mani- 
the air of the mixture, assuming $= fold. 
they are once mixed properly with #3 The mixture of air and gasoline 
it. This requires air-films of ¢§ particles is possessed of a definite 
strength sufficient to support the oy velocity. But the energy content 
heaviest particle that may occur of the gasoline particles is greater 
or, second, a very uniform fine = than the energy content of the air 
state of subdivision of the parti- 2 particles, on account of the 
cles with smaller film-strength. 3 greater mass of the former. 

The ability of the air to sup- { Therefore, under the influence of 
port the particles of gasoline is . a given quantity of work tending 
increased when the air is moving 800 900 1000 100 1200 i300 ~63 to change the direction of flow of 
in a definite direction and, the oe ae ae the mixture, the gasoline parti- 
greater this velocity is, the Fig. 2—CHARACTERISTIC CURVES OF THE Ex- cles will tend to travel farther 
greater is the tendency of the air HAUST GAS 


along the path of their original 
to retain the particles in suspen-  pye More Important Characteristics Determined direction before changing their 
sion. Hence, with a higher speed, by Exhaust-Gas Analysis Are Indicated. These course. This means that the con- 
larger particles of fuel will be re- Are in the Air-Fuel Ratio, Which Indicates the centration of gasoline in the far 
strained from settling out of the sai dis tc at” an a a side of the mixture will be con- 
° . e ° e i e ) eteness ) Ss ) ) e ‘ ¥ 
aSESUES. The particle Size 18 pri- Gasoline, Which Indicates the Percentage of Its siderably increased, and that its 
marily a function of the degree nergy Content Actually Liberated in the Oper- concentration in the near side will 
of atomization induced at the car- ation of the Engine be diminished. The greater the 


bureter jets. A secondary control instantaneous change in direction 


is the rate of evaporation from the surface of the liquid 


globules. This action takes place in the riser and in the 15 ] 
14 as Tn te Ratio for te PEE bie 


manifold. The larger the particles are, the lower is 
sf ee 
wes, 
12 


the rate of evaporation and, consequently, the less is 
15) i ar a 
146 + iS, + 


the influence exerted by this factor on the mixture in a 
+ Air-Fuel eee for Engine pet 








given interval of time. 

Summarizing, the first step is to obtain the finest 
possible particles of gasoline. Second, these particles 
must be mixed intimately with and distributed evenly 
throughout the body of air supplied. Third, the air 
must be moving with sufficient velocity to retain the 
gasoline particles in suspension. If these points are 
observed to the limit, the first stage necessary to proper 
distribution will have been attained. 
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Fundamental Mechanical Characteristics 


Let it now be assumed that the conditions enumerated 
are satisfied in a given mixture that is just entering the 
manifold. Assume further that the velocity of move- 
ment necessary to maintain suspension is not lowered 
in tne manifold. Neglect, for the time being, any ef- 
fects of the interior surface of the manifold on the flow 
of the mixture. Then there is an intimate mixture of 
air and gasoline particles flowing through the manifold 
toward the inlet port of a cylinder. If only one cylin- 
der is drawing in its charge at the time, the flow of the 
mixture will be in only one direction and only a single 
force will be acting on it. Therefore, the mixture has 
only to flow through the manifold and to enter that 
cylinder. 

Any moving body possesses a definite amount of 
kinetic energy, the amount depending on the mass of 
the body and its velocity. To change the direction in 
which this body is moving requires the expenditure of Cylinder No. 
work, the quantity being so expended depending on the 
magnitude of the change in direction. Thus a change Fic. 3—CurvEs INDICATING ACTUAL DISTRIBUTION OF FUEL 
of 1 deg. requires less work than a change of 90 deg. CHARGE TO INDIVIDUAL CYLINDERS 
Likewise, there is less equilibrium disturbance in a_ The Air-Fuel Ratio of the Engine as a Whole Is Shown for Each 
change of 1 deg. than there is in an instantaneous Speed of Operation. On Account of the Test Set-Up and Con- 
change of 90 deg.; that is, the 1-deg. change will cause ditions, the Variations Exhibited Are Confidently Believed To Be 


. - Caused by the Actual Flow of the Charge in the Manifold Itself, 
less deformation of the body than will the greater as Induced by the Operation of the Engine 
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Air-Fuel Ratios at Each Engine Speed Used 
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Fig. 4—TESTING EQUIPMENT USED 


The View at the Left Shows the Carbureter Side of the Engine, the 


is, the more will the equilibrium of the mixture be dis- 
placed. 

If the angle of change is great enough, it is entirely 
possible that some of the gasoline particles will actually 
strike the wall of the manifold. Their path subsequent 
to this action is highly problematical; it is certainly 
logical to suspect that some of them will never enter the 
cylinder with that charge. Those striking the wall will, 
in part, deposit out on it and be held there. Other par- 
ticles will be reflected back in nearly all directions, de- 
pending on the angle of incidence, into the charge. 
Therefore, two most undesirable conditions may be set 
up by a bend in the manifold that is too abrupt for the 
velocity with which the mixture is moving. These con- 
ditions are the severe disturbance of the mixture equi- 
librium that inevitably results and the removal of some 
gasoline from the charge, which produces a leaner mix- 
ture. These points indicate that all changes in the di- 
rection of flow of the mixture should be eliminated. As 
this is practically impossible, a compromise suggests it- 
self; that is, the use of very gradual changes in direc- 
tion, accomplished by building the manifold so that the 
mixture is turned only very small amounts along its 
entire length. Manifolds do not need to be built paral- 
lel to the longitudinal center-line of the engine; they 
can readily be constructed so as to make an angle with 
this center-line. 

Summarizing again, a finely divided, evenly mixed 
charge of gasoline and air should be supplied to an inlet 
manifold constructed so that the least possible interfer- 
ence with the mixture is caused by the manifold in con- 
ducting this charge to the cylinder. As a corollary to 
these data it is obvious that the manifold should contain 
no dead-ends or pockets, should have a smooth interior 
surface, a low coefficient of friction, and be of short 
length. The carbureter unit should contain those essen- 
tial features necessary to obtain the finely divided, even- 
ly mixed charge. 

In conclusion, I suggest: First, that the primary 
function of the inlet manifold is to conduct the charge 
from the carbureter to the cylinder; therefore, build 
the manifold so that it executes this purpose most effec- 





Exhaust Side and the Dynamometer Being Shown at the Right 


tively. Second, I prefer to consider the engine as mere- 
ly a mechanical converter of chemical energy and sug- 
gest that strict attention paid to the chemical phases 
should result in engines of much superior fuel-utiliza- 
tion characteristics. However, the presentation of data 
on this subject must be deferred until later. 

Acknowledgment is made of the valuable assistance 
rendered by Profs. E. F. Miller and D. A. Fales, and by 
M. C. Swift, of the Massachusetts Institute of Tech- 
nology. 


APPENDIX 


Operating under controlled conditions, tests were made 
over the speed range of a large heavy-duty six-cylinder 
engine of the T-head type of construction. The cylinder- 
bore was 5% in. and the stroke, 6% in.; the power rating 
was 128 to 145 b.hp. at 1200 to 1500 r.p.m. A multiple-jet 
carbureter having a barrel-type throttle-valve was used. 
Each cylinder had two spark-plugs, operated by a dual high- 
tension magneto. 

The cooling water was circulated by the engine pump, its 
temperature being controlled by a cold-water bleed which 
entered a large water-storage tank. Suitable thermometers 
were installed for determining the entering and leaving 
temperatures of the cooling water and that of the oil. The 
gasoline consumption was measured in a special meter, the 
time for the consumption of a definite quantity, 1 qt., being 
taken with a stop-watch. The engine output was deter- 
mined by a 300-hHp. cradle-dynamometer. The view at the 
left in Fig. 4 shows the carbureter side of the engine; the 
exhaust side and the dynamometer are shown at the right. 

Each engine cylinder exhausted into a separate port and 
thence into the exhaust manifold. This fact was utilized to 
determine the distribution of the charge to the cylinders. 
Suitable sampling tubes were introduced into each exhaust 
port, and a seventh tube was placed in the manifold to obtain 
an average sample of the exhaust gas from all cylinders. 
The samples of exhaust gas were collected over water that 
had previously been saturated with exhaust gas and treated 
with zine chloride and hydrochloric acid to prevent gas ab- 
sorption by the water. The water was used to fill suitable 
sampling pipettes, having a capacity of about 250 cc., held 
in a rack and draining into a valve-controlled manifold. 
The view at the left in Fig. 5 shows the rack, with the 
pipettes in place. 
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Each sampling line was equipped with a control valve so 
that the flow of gas could be regulated. A single valve was 
placed on the manifold, as shown. The exhaust pressure 
of the engine was utilized so that the gas was always forced 
under pressure through the system. The manifold was 
water-sealed at its end. In this way any leaks that might 
be developed meant only the loss of gas; no air infiltration 
was possible. Short pieces of heavy rubber tubing were 
used to connect the pipettes in the line; pinch clamps were 
used to seal off each pipette when a sample was obtained. 
Every effort was expended to obtain true, representative 
samples of the exhaust gas from each cylinder and from 
the engine as a whole. 

The exhaust-gas samples so collected were analyzed in a 
special gas-analysis apparatus, shown in the right portion 
of Fig. 5. This was equipped with bubbling-type absorp- 
tion-pipettes, each filled with the conventional solution. 
One such pipette was used for each of the following constit- 
uents of the gas; carbon dioxide, unsaturated hydrocarbons, 
and oxygen. Two pipettes were used to determine the car- 
bon-monoxide content, the bulk of this constituent being 
removed in the first pipette and the last traces being ab- 
sorbed in the second. Hydrogen and methane contents were 
then determined by combustion initiated by an electric- 
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spark discharge. Nitrogen content was determined, as 
usual, by difference. In this way a complete gas analysis 
was made. The amount of unsaturated hydrocarbons ob- 
taining was negligible, being less than 0.1 per cent. 

The sample of gas was forced into the apparatus by a 
suitable water-pressure system, the object being to prevent 
air infiltration. For each test, the apparatus was washed 
out with a portion of the actual sample under investigation 
before the portion for analysis was admitted. 

The test procedure was arranged so that the characteris- 
tics over the speed range were determined for each condi- 
tion of engine operation. Conventional imstruments were 
used to determine the necessary load-readings, the time for 
the consumption of the fuel, temperatures, spark and throttle 
settings, engine speed, and the like. The exhaust-gas sam- 
pling was controlled so that continuous samples of the gas 
issuing from each cylinder and from the engine as a whole 
were taken for the entire test period. In this way it was 
possible to obtain representative samples of the exhaust 
gas resulting from the combustion of the actual gasoline 
used by the engine during each test. Having thus obtained 
the necessary data at one speed and condition of operation, 
fresh sampling pipettes were installed in the rack and a 
test at another speed was made.. 





Fic. 5—SAMPLING PIPETTES AND EXHAUST-GAS TESTING-EQUIPMENT 


The Rack, with the Sampling Pipettes in Place, Is Shown at bas 9 The Special Gas-Analysis Apparatus Is Represented at the 
ight 








Fuel-Mixture Distribution 


By Dr. M. J. Zucrow' 


FTER outlining the effects of improper distribu- 

tion of fuel mixture in an internal-combustion 
engine and stating how the distribution of a gas is 
governed, the author discusses motor-fuel condensa- 
tion and states that, since preheating the air is objec- 
tionable and hot-spots do not supply sufficient heat 
to vaporize the fuel completely, the induction system 
must distribute wet mixtures; and the partial or com- 
plete solution of this problem ordinarily is the result 
of experimenting with different designs for any par- 
ticular engine. 

Regarding the manifold action with wet fuel- 
mixtures, it is stated that the phenomena occurring 
in manifolds which distribute such mixtures are com- 
plicated and unstable but some insight into them can 
be obtained by studying the action in a two-cylinder 


HE function of a carbureter is to meter the 

correct mixtures for combustion’; after it has 

accomplished this, it is unjust to charge against 
it any defects due to uneven fuel-distribution by the 
manifold. What happens to the fuel after it has been 
injected into the airstream is of no consequence insofar 
as the carbureter is concerned, but satisfactory engine- 
performiance is precluded unless this metered fuel- 
charge is evenly distributed among the several cylin- 
ders of a multi-cylinder internal-combustion engine. 

With correct metering by the carbureter, based on 
the total air-consumption of the engine, the inability 
of the manifold to distribute the fuel evenly may cause 
some of the cylinders to receive the correct mixtures 
while the remaining ones are supplied with mixtures 
which are either too rich or too lean. When this occurs, 
the quantity of fuel furnished to each cylinder must 
be increased until all receive explosive mixtures. This 
leads to a waste of fuel and to a “roughness” of engine 
operation which cannot be removed by balancing or 
other mechanical means. The spark advance will be too 
great for some cylinders, causing spark knock, and too 
small for others, thereby reducing their available 
power. Each cylinder will be developing a different 
amount of power, causing torque fluctuations that are 
sensed by the automobile operator’. A. M. Dean has 
observed that severe periods of engine vibration at 
certain speeds frequently can be reduced by improving 
the mixture conditions at these speeds. 

Even distribution is governed by the thoroughness 
with which the fuel and the air are mixed and by the 
design of the induction system. It is generally con- 
ceded that, when the fuel is completely vaporized so 
that the charge is a gaseous mixture of the fuel and 
air, little difficulty is involved in apportioning equal 


1M.S.A.E.—Researeh associate, Engineering Experiment Sta- 
tion, Purdue University, Lafayette, Ind. 


2See Bulletin No. 21, Engineering Experiment Station, 
University. 
‘aie 


8 See S.A.E. TRANSACTIONS, vol. 19, part 1, p. 72. 


4See Proceedings of the Institution of Automobile 
1927-1928. 


Purdue 


Engineers, 


5 See Air Service Engine Handbook, p. 567. 
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engine. Analysis shows that the even distribution of 
wet mixtures is extremely difficult. As to the possi- 
bility of securing even distribution by heating the 
fuel without heating the air, the fuel can be vaporized 
rapidly by a small quantity of high-temperature heat 
and then mixed with cool air to form a fog which can 
be inducted into the cylinder before it can condense. 

No complete agreement seems to exist regarding 
the best form of inlet manifold, although it is gen- 
erally conceded that sharp turns and sudden enlarge- 
ments should be avoided, that the various branches 
should have the same length, that the induction im- 
pulses should occur at equal intervals alternately on 
each half of the manifold and that the gas velocity 
should be high enough to avoid excessive condensation 
without causing too high a frictional loss. 


quantities of this mixture to all cylinders of the engine. 
This is substantiated by experiments* conducted by 
Dr. J. N. H. Tait to determine the distribution of air 
among the cylinders of a four-cylinder engine. These 
experiments indicated that the air distribution is uni- 
form under ordinary conditions. At high engine-speeds 
a tendency to uneven air-distribution seemed to be 
apparent, but this may be due to unequal length of 
piping from the carbureter to the several cylinders. 
It seems plausible that, if the charge is a gaseous 
mixture of fuel and air before distribution begins, 
that is, immediately beyond the carbureter, and if the 
mechanical condition, intake-tappet clearance, and 
length of piping are the same for all cylinders, the 
probability of uneven charge-distribution will be at 
the minimum. 

Any gasoline can exist in the vapor form only at or 
above a certain minimum temperature which depends 
upon the pressure in the manifold and upon the vapor- 
ization temperature of the least-volatile constituent at 
this pressure. Modern gasolines have end-points rang- 
ing between 400 and 500 deg. fahr. at atmospheric 
pressure. The complete vaporization of these fuels in 
the modern hot-spot manifold requires the supplying 
of a large quantity of heat to the hot-spot at a higher 
temperature. It is impossible to obtain a dry fuel-air 
mixture under all conditions, except possibly at extreme 
idling, if the mixture temperature falls below 120 deg. 
fahr.. At idling, some assistance in vaporizing the 
fuel is derived from the partial vacuum in the mani- 
fold. If insufficient heat is supplied to the mixture, a 
portion of the fine spray leaving the carbureter will be 
vaporized and move with the airstream as a homo- 
geneous gas, and a portion will remain unvaporized. 
The latter will either deposit in the manifold or be car- 
ried along by the airstream if its velocity is adequate. 

Fuel Condensation 

Fuel in the liquid form cannot remain in the air- 
stream below a certain minimum air-velocity. Accord- 
ing to experiments by F. C. Mock with glass manifolds, 
this velocity, with steady non-pulsating gas-flow, is 
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about 38 ft. per sec. in a vertical pipe, and is consider- 
ably higher, about 75 ft. per sec., after passing around 
a bend or tee’. 

The changing direction and reversals of the gas-flow 
in multi-cylinder-engine manifolds, due to the contour 
of the piping and the pulsations caused by the cylin- 
ders drawing from different directions, aggravate any 
tendency of the suspended fuel to condense, especially 
in the regions of high pressure. The gaseous part of 
the charge accelerates and decelerates more readily 
than the suspended fuel, and the reversals of gas-flow 
introduce a time-lag between the arrival of the air and 
its metered suspended fuel at their destination, which 
tends to deposit this fuel and affect the mixtures met- 
ered to each port. This time-lag can be such that the 
liquid part of the charge may not arrive at the port in 
time to enter the cylinder on the correct suction stroke, 
but will remain in the valve pocket, to be inducted at 
some later instant or be drawn into a different cylin- 
der. It is important to reduce this time-lag to the 
minimum, as it promotes uneven distribution and also 
makes necessary an adjustment of the carbureter to 
supply excessive quantities of fuel during acceleration. 

Condensation of the suspended fuel may occur, even 
though the mean gas-velocity is high, because of un- 
even suction impulses in a part of the manifold and re- 
versals of gas-flow. The gas velocity in any branch 
of a multi-cylinder manifold depends upon the suction 
strokes of the cylinders feeding from that branch. The 
gas velocity produced by a single cylinder increases 
from zero, when the inlet valve opens, reaches its maxi- 
mum value when the piston is near its midstroke, and 
decreases to zero when the valve closes. If the valve 
remains open for 225 deg. of crankshaft rotation and 
no other suction stroke affects the branch, the gas will 
be quiescent for 495 deg. and the liquid fuel will have 
an opportunity to deposit. This does not mean that 
this fuel will always drop to the bottom of the mani- 
fold, but that its motion will cease. The next suction 
impulse will carry slugs of this fuel into the cylinder 
and, since they are not thoroughly mixed with the gas, 
they will not burn completely. When the gas velocity 
is low, this condensed fuel may not be picked up and, 
in addition, some fuel may fall out of each succeeding 
small charge, thereby causing an accumulation of heavy 
ends so that the engine loads. 

Experiments by J. Liebel’' in Germany indicate that 
condensation of fuel takes place at the inner radius of 
a bend when there is a change in the direction of flow. 
From his experiments he concludes that the minimum 
condensation will occur if the velocity of the gas is 
kept constant and its path relatively straight. This 
recommendation regarding gas velocity seems rational 
but is contrary to that suggested by C. S. Kegerreis’, 
who finds that better distribution at low engine-speeds 
is obtained if the branches of a six-cylinder manifold 
are made slightly larger than the riser. 


Air Heating and Hot-Spotting 


From the foregoing it seems that wet mixtures are 
inescapable unless sufficient heat is applied to vaporize 





®See THE JOURNAL, March, 1920, p. 190. 

7 See Condensation in Manifolds, Der Motorwagen, Feb. 28, 1929. 
‘See S.A.E. JOURNAL, December, 1928, p. 612. 

*See Airplane Engines, by L. S. Marks. 

See Motor (England), Sept. 4, 1928. 

11 See S.A.E. TRANSACTIONS, vol. 19, part 2, p. 126. 
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the fuel completely. The next consideration concerns 
the possibility of completely vaporizing the fuel. In 
this Country, evaporation by preheating the air has 
been ruled out because the required air-temperature 
is so high that the available engine-power is seriously 
reduced’; for, although the abstracting by the fuel of 
latent heat from the incoming air has a cooling effect, 
the time available for evaporation is exceedingly short. 
Further, the specific heat of air is too small to enable 
the air to absorb the required amount of heat at a suf- 
ficiently low temperature. Tests at Purdue University 
indicate that preheated air requires a temperature of 
280 deg. fahr. or a mixture temperature of 235 deg. 
fahr. for a dry mixture. For these reasons the hot- 
spot manifold has become the common means for vapor- 
ing the fuel. This method of supplying heat to the de- 
posited fuel is subjected to its most severe test during 
acceleration after the engine has been idling. The 
sudden induction of a large quantity of liquid fuel and 
cold air at a manifold pressure which is almost atmos- 
pheric requires more heat than the hot-spot can ordi- 
narily supply. While the hot-spot may not supply the 
required heat at the correct time, it does heat up rap- 
idly and therein lies its greatest worth. 

In England, Ricardo” has attempted to solve the va- 
porization problem by a specially designed carbureter 
which, by manifold-pressure control, varies the air tem- 
perature according to the load. To overcome the ob- 
jection to preheating the air when high power is de- 
manded, the heating is eliminated when the throttle is 
wide open. I do not know whether this device accom- 
plishes its objective. 

It follows from the foregoing that, since preheating 
the air is objectionable and hot-spots do not supply 
sufficient heat to vaporize the fuel completely, the in- 
duction system must distribute wet mixtures. This 
presents a difficult problem, and its partial or complete 
solution ordinarily is the result of experimenting with 
different designs for any particular engine. 


Effect of Manifold Design on Distribution 


Regarding the manifold action with wet fuel-mix- 
tures, the phenomena occurring in manifolds which dis- 
tribute such mixtures are complicated and unstable”, 
but some insight into them can be obtained by studying 
the action in a two-cylinder engine. Assuming that 
the cranks are at 180 deg., the two suction strokes fol- 
low each other and these are then followed by the two 
exhaust strokes. Since the inlet valves ordinarily 
are open for more than 180 deg. of crankshaft revolu- 
tion, the second cylinder begins its suction stroke be- 
fore that of the first is completed. Consequently, the 
gas in the riser is in a state of motion for more than 
360 deg. During the greater part of the succeeding 
revolution the gas is stagnant, and any suspended fuel 
tends to deposit. If the manifold is symmetrical, cyl- 
inder No. 1 will receive a richer mixture because its 
charge can pick up any unvaporized liquid remaining in 
the entire manifold, while cylinder No. 2 can draw only 
on unvaporized fuel that is deposited in its branch. 
This tendency to unequal fuel-distribution can be 
remedied partly by designing the manifold so that the 
second cylinder has a separate branch which does not 
communicate directly with the first cylinder. The first 
cylinder then draws from the liquid fuel collected in 
the main branch and in its own branch, while the sec- 
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Wind-Tunnel Tests of the Automobile- 
Type Fan 


By Pror. Vincent C. GEorRGE! 





NorTrHern CAuirornia SECTION PAPER 


Illustrated with Cuarts 





HE AUTHOR mentions the numerous types of fan 

in use on automobiles and states that the problem 
becomes one of trying to find a fan which will best 
meet the demands of the individual automobile model. 
The quantity of air which the fan will deliver is of 
major importance, but other considerations such as 
the shape and number of blades and the fan speed in 
relation to engine speed must also be considered. 

Wind-tunnel tests were made on a fan of 18-in. 
diameter. The size of the blade was uniform, being 
3 in. wide and 7 in. long, but the number of blades 
varied. Two, three, four, six and eight blades were 
used in the different tests and the best results were 
obtained with a flat blade. Various curvatures of blade 


are placed in various positions, the blades are 

of varied shape, the number of blades is a vari- 
able and so is the fan speed in proportion to the engine 
speed. Different automobiles built by the same com- 
pany may be equipped with a different type of fan for 
each type of car made. The inference is either that 
the manufacturers know little about an automobile fan 
or what it will do, or they do not care; both statements 
probably are more or less correct. The problem, there- 
fore, is to design a fan which will best suit the needs 
of the individual automobile. 

As considerable research has been done in connection 
with airplane propellers, the suggestion often has been 
made to use this type of fan on automobiles. My reply 
is that the purpose of the airplane propeller is pri- 
marily different from that of the automobile fan. The 
airplane propeller drives the air, or attempts to drive 
the air, straight back axially along the shaft of the 
propeller, the idea being to enable the propeller to 
exert thrust. But with an automobile fan the idea is 
to get the air through the radiator in its approach to 
the fan, and no one cares what happens to the air after 
it leaves the fan so long as it passes out from under 
the hood. Hence we are not interested, particularly, in 
axial thrust, but we are interested in the quantity of 
air that the fan will deliver, which probably would vary 
with the type of car and the service for which it is 
used. It is a fact that a racing automobile probably 
would burn up if a fan were installed in it, and that 
a car driven on the open road at 35 to 40 m.p.h. does not 
need a fan. 

Wind-tunnel tests were made on a fan of 18-in. diam- 
eter. Two, three, four, six and eight-bladed fans were 
tested. The blades were uniform in size, being 3 in. 
wide and 7 in. long. The best results were obtained 


[= numerous types of fan used in automobiles 


1 Assistant professor of mechanical engineering, 


University of 
California, Berkeley, Calif. 
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were tried, the ratio of the chord of the curve to the 
height of the arc varying from 20:1 to 5:1. Curves 
resulting from the data obtained with the flat blade 
are shown, and their characteristics explained. 

Since the fan is placed so that it can draw air 
through and enable the radiator to perform its func- 
tion of cooling the water, the idea should be to draw in 
the maximum amount of air. Hence, the fan should 
be placed as close to the radiator as possible and the 
blades should be set at an angle such that they will 
deliver the quantity of air that is necessary for proper 
cooling under the varying conditions that may arise. 
The fan should be driven at a speed which will deliver 
this adequate quantity of air. 


with a flat blade. Various curvatures of blade were 
tried, the ratio of the chord of the curve to the height 
of the are varying from 20:1 to 5:1, merely for com- 
parative purposes. It was found that the flat blade 
gave the best results, so I shall discuss in general the 
results obtained with it. 


Curves Illustrating Fan Characteristics 


The “head,” “horsepower” and “speed” curves are 
shown in Fig. 1. The tests showed that, as the fan 
speed varied for a given blade-angle, the quantity of 
air varied in direct proportion to it; that is, doubling 
the speed doubled the quantity of air. The horsepower 
required varied approximately as the cube of the speed. 
The “head” on the fan was plotted on the basis of 
inches of water; it is the difference in pressure be- 
tween that at the face of the fan and that at the back 
of the fan. 

Fig. 2 shows the effects of varying the blade angle. 
The blades were adjustable, being screwed into the hub 
and fastened with a jam nut; it was therefore possi- 
ble, by loosening the jam nut and using a series of 
blocks, to set the blades at any desired angle from zero 
to 90 deg. The variation in the quantity of air deliv- 
ered by the fan at a given speed is shown by the curves. 
The two-bladed fan, as shown by the lowest curve in 
Fig. 2, will deliver about one-half as much air as will 
an eight-bladed fan, which means that the eight-bladed 
fan delivers less air per blade than does the two-bladed 
fan. 

Fig. 3 shows that the quantity of air varies with the 
number of blades. The curve was drawn through the 
points obtained from the different numbers of blades 
used and was plotted as quantity of air versus number 
of blades, using a constant fan-speed and a constant 
blade-angle. The curve rises very rapidly from no 
blades, which is a purely theoretical point, and ap- 
proaches a very flat shape for more than eight blades. 
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Obviously, the curve would drop to zero if the number 
of blades were increased sufficiently. If the number of 
blades became infinite, there would be merely a disc 
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pared with the quantity delivered by the straight flat 
blade. 


Some tests were made with varying resistance placed 
in front of the fan, but the only effect that the re- 
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Fic. 1—CURVES SHOWING FAN CHAR- 
ACTERISTICS 


FIG. 


Blade Angle, deg. 


2—-EFFECT OF VARYING THE 
FAN-BLADE ANGLE 





90 Number of Blades 


Fic. 3—CURVE SHOWING THAT 
THE QUANTITY OF AIR VARIES 


As the Fan Speed Varies for a Given The Fan Blades Were Adjustable and WITH THE NUMBER OF FAN 
Blade-Angle, the Quantity of Air Varies It Was Possible To Set the Blades at BLADES 

in Direct Proportion to It; the Horse- Any Desired Angle from Zero to 90 The Curve Was Drawn Through 
power Required Varies Approximately Deg. The Speed Was Maintained the Points Obtained When Using 
as the Cube of the Speed. The “Head” Constant. Two, Four, Six and Eight Different Numbers of Blades and 
Was Plotted on the Basis of Inches of Blades Were Used Was Plotted as Quantity of Air 
Water; It Is the Difference in Pressure Versus Number of Blades, Using 
between That at the Face of the Fan more than eight sistance had upon the a Constant Fan-Speed and Con- 

and That at the Back of the Fan blades would in- fan performance was to stant Blade-Angle 


crease the cost of 
blade manufacture and accomplish very little gain. 


Fig. 4 shows the quantity of air per horsepower per 
blade, plotted against the number of blades and at 
various blade-angles. Each curve represents a definite 
blade angle; 30, 45, 55 and 65 deg. The interesting 
fact is that, the slower the fan is run, the greater is 
the quantity of air per horsepower per blade. The 
smaller the angle of the blade is, the greater is the 
quantity of air per horsepower per blade. No angle is 
so small that there will be a decrease in quantity of air 
per horsepower per blade. These facts do not help us 
much, but we know that we must choose a blade angle 
large enough to deliver the quantity of air needed. 

Fig. 5 shows the quantity of air per horsepower per 
blade plotted against 1 divided by the blade radius. 
The reason the inverse ratio was chosen is that a flat 
blade has an infinite radius; of course, with a flat blade, 
1 divided by the radius is zero. The curve shows a gen- 


eral decline toward the right, which indicates that, as 
the blade curvature 


increases, the quan- 
tity of air delivered 
by the fan will de- 
crease very slightly, 
although I am not 
prepared to state 
exactly how much 
that decrease would 
be. But the general 
shape of the curve 
indicates that the 0 
probable cost of 
manufacture of the 
curved blade would 





Quantity of Air per 
Horsepower per Blade 





Number of Blades 6 


Fic. 4—CURVES SHOWING THE 
QUANTITY OF AIR PER HORSEPOWER 





scarcely be justified, 
because less air is 
delivered by that 
type of fan as com- 


PER BLADE 


The Curves Represent Definite Blade 

Angles of 30, 45, 55 and 65 Deg. Re- 

spectively, and the Speed Was Main- 
tained Constant 


decrease the quantity of 

air. A given fan at a given blade angle and at a given 
speed will set up a definite difference in pressure from 
front to rear of the fan, regardless of the quantity of 
air being delivered. It seems to have a property of 
being able to set up that definite difference in pressure 
across the fan, and then the quantity of air approach- 
ing will be a function of the resistance through which 
the air must flow. 

The horsepower variation is almost independent of 
the resistance placed in front of the fan, but that is 
not wholly true. As the quantity of air delivered by the 
fan decreases, the horsepower decreases very slightly. 
The reason is that, since less air is being handled by 
the fan, slightly less energy is required to turn that 
air out of its normal course to some other line of 


motion. 
2 


| 


The effects of the 
engine block are 
very pronounced in 
same cases. It was 
found that, as the 
blade angle in- 
creased from a small 
angle up to about 
35 deg., the air 
was delivered di- 
rectly along the 
shaft or very nearly 
so. The spread of 
the exit air in- 
creased slightly as 
the blade angle in- 
creased. When the 
fan-blade angle ap- 
proached about 35 
to 40 deg. for the 
flat blade, the de- 
livery of air from 
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1/Blade Radius — 
Fic. 5—RESULTS OF PLOTTING 
QUANTITY OF AIR PER HORSEPOWER 
PER BLADE AGAINST 1/BLADE Ra- 

DIUS 
The Reason the Inverse Ratio Was 
Chosen Is that a Flat Blade Has an 
Infinite Radius. With a Flat Blade, 
1/Blade Radius Is Zero. Two, Three, 
Four, Six and Eight Blades Were Used 
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the fan became almost radial and, at 50 deg., approxi- 
mately the entire delivery was radial. In a case of 
that kind, it seems that, when the air is set in mo- 
tion, a slight drop in pressure occurs and the out- 
side pressure of the air seems to rush in to fill up 
this drop in pressure. When the blade angle is set at 
about 40 to 45 deg., there is a drop in pressure at the 
fan, and air is very likely to travel backward along the 
fan axis, enter the fan from the back and be thrown 
out radially. Any air that travels along the shaft and 
enters the fan from the rear is doing so at the expense 
of the air coming in from the front. So a fan will 
actually deliver less air through the radiator, at such 
an angle, than it would if the air were allowed to travel 
axially along the shaft. Therefore, the effect of the 
engine block, at a large blade-angle, is to reduce this 
back-flow. It forces all the air that the fan handles to 
enter from the front side. 

Again, at the larger angle, currents of air are likely 
to approach the fan from the back and enter around 
over the tips of the blades, coming down in front of 
the fan and then being delivered by the fan outwardly. 
This means again a decrease in the quantity of air that 
it is possible to draw through the radiator. Obviously, 
since the fan is placed in this position to draw the air 


through the radiator so that it can perform its function 
of cooling the water, the idea should be to draw through 
as much air as possible. This would mean that the fan 
should be placed as close to the radiator as possible, and 
at such a blade angle as to deliver a quantity of air that 
is necessary for adequate cooling under the varying con- 
ditions that may arise. The fan should be driven at a 
speed that will deliver this suitable quantity of air. 

The foregoing considerations bring up the very in- 
teresting problem as to exactly what kind of a fan is 
needed for cooling. They also raise the question whether 
the manufacturers of the various types of automobile 
care much about the fan. Automobiles need no fan when 
they are traveling at fairly high rates of speed, due to 
head winds. They need air when they are under a heavy 
pull and going at a fairly low rate of speed. It is doubt- 
ful if, at 60 m.p.h., any power is absorbed by the fan, 
because the head wind rushes in and probably helps to 
drive the fan. At slow speed, that is not true. 

For the average automobile, it seems that a fan 
having approximately four blades set at an angle of 
approximately 40 to 50 deg. probably would be about 
the most satisfactory design for the average automo- 
bile, unless the car has a very large radiator and no 
dependence is placed upon the fan for cooling. 


THE DISCUSSION 


A MEMBER:—!I have been driving a certain make of 
car for several years, trading it in for a new model 
each year. The car I have now develops an objection- 
able hum of the fan at high car-speeds, although the 
previous cars of this make were not noisy. The fan is 
four bladed. I would prefer less fan-efficiency and a 
quieter fan. What change in design would reduce this 
fan noise? 

PROF. VINCENT C. GEORGE:—I can find no specific 
basis upon which to rate fan efficiency. Referring to 
the curves in Fig. 4, the quantity of air per horsepower 
per blade is a function of the blade angle and the num- 
ber of blades; but the quantity of air increases as the 
angle decreases, the angle being formed by the chord 
of the arc and the plane of rotation; and the quantity 
also increases as the number of fan blades decreases. 
Therefore, the fewest number of fan blades and the 
smallest blade-angle develop the maximum efficiency. 
In the test, the fans having blade angles up to about 
30 deg. ran more quietly than did those having a larger 
blade-angle. The flat blades were more quiet than the 
curved blades. The effect of the curved blade seems to 
be equivalent to increasing the angle, and, as the blade 
angle increases, the air delivered by the fan becomes 
more or less gusty. This is also true with airplane pro- 
pellers. I cannot explain this. Wind-tunnel tests have 
shown that, as the blade angle is decreased, the gusti- 
ness of the air from the fan decreases. Therefore, to 
make a fan run more quietly, I suggest that the blade 
angle be decreased somewhat. 

QUESTION :—Is the number of fan blades a factor? 

PROFESSOR GEORGE:—Apparently it is not. 


Determinations by Other Investigators 


C. J. Voct’:—Referring to the curves shown in Fig. 
5, I recall the results of experiments made on gliders 


? Instructor in mechanical engineering, University of California, 
Berkeley, Cal. 


by Otto Lilienthal about 1890. He studied bird wings 
to determine the curvature needed to give maximum 
lift by building a fan for each type of curve and then 
determining the speed of the fan-blade tip. The fan 
was about 23 ft. in diameter. The curvature of the fan 
blade was measured in the way Professor George de- 
scribed; that is, according to the ratio of the height of 
the are to the chord, the ratios being from 1:12 to 
1:40. With the 1:12 ratio he obtained the maximum 
discharge of air. With the 1:40 ratio, the air discharge 
decreased and became nearly that of the flat blade. As 
the ratio increased to about 1:12, the curve more nearly 
approached that of the flatter blade; but the interest- 
ing feature was that, for each curvature, there was a 
definite speed and a definite angle which gave maximum 
efficiency. For the 1:12 ratio, the angle which the 
chord made with a perpendicular to the propeller-shaft 
was 20 deg. From that point on, the curve was con- 
stant up to an angle of about 45 deg. and then followed 
the curve of the flat blade. In that case, the efficiency 
possibly would decrease for a curved blade. In an 
automobile, if the speed of the fan is not constant, a 
curved blade seems to be practically useless. 

A certain company has done considerable experi- 
mental work on fans and has developed a fan of peculiar 
shape. Its blades are curved. It was found that the 
maximum volume of air was delivered by the fan at 
the middle third of the blade and that a very slight 
curve at the tip of the blade was sufficient to meet the 
air properly so that it would not be wholly deflected as 
in the case of a flat blade. The condition is somewhat 
similar to the deflection when light strikes a mirror at 
an angle. Air has somewhat the same characteristics 
and, when deflected, a certain amount of force is re- 
quired. If this deflection can be caused more gradually, 
less power will be required to drive the fan and more 
air will be handled. 

This illustrates one point that might be considered 
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in designing automobile fans; the deflection might re- 
lieve some of the pumping action that is caused when 
the air passes through the radiator. The pumping 
action is caused, I believe, by the fact that the air has 
a certain velocity and, at the shearing off of a certain 
section of the air with any given blade, little air is 
present by the time the next fan blade comes around, 
or at least the air has not regained its velocity. On 
account of the change in pressure, a pumping action 
would occur because all the blades are not handling the 
same amount of air. That effect is again apparent for 
the reason that, if there is any resistance at the back 
of the radiator below the fan shaft and directly back 
of the fan, we do not find by measurement that the 
velocity of the air directly in front of the radiator is 
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less where the maximum resistance is but rather to one 
side. This depression in the air decreases and shifts 
to one side as the fan speed increases. We might say 
that the maximum amount of air is taken in directly 
in front of the resistance, but that its discharge is to 
one side of the resistance; so, that part of the radiator 
which is blanked off by this resistance is not affected. 
This tends to show that the air does not go directly 
back after passing through the radiator as is assumed 
and, with the air swirling around in that manner, I 
think it is a problem to know how the air gets out from 
under the hood and how it acts back of the fan. In 
other words, it indicates that the problem of cooling 
the engine is that of getting rid of the air back of the 
radiator. 


Fuel-Mixture Distribution 


ond cylinder can draw upon the fuel in its branch. The 
distribution will not be equalized, but it will be im- 
proved” greatly. 

With this twin-cylinder unit in mind, the action in 
a six-cylinder manifold can be studied. The most 
favorable firing order is 1-5-3-6-2-4, since the suction 
strokes affecting each half of the manifold occur at 
equal intervals so that no branch of the manifold ac- 
cumulates an excessive quantity of liquid fuel. Con- 
sider each half of the engine separately and a three- 
port manifold with inlet ports 1-2, 3-4, and 5-6 siam- 
esed. The suction impulses of the first three cylinders 
occur in the order 3-2-1-3, separated by 240-deg. inter- 
vals and accompanied by reversals of flow. When No. 
1 cylinder completes its admission stroke, the gas tends 
to remain stagnant for 15 deg. if the inlet valve is held 
open for 225 deg. Cylinder No. 3 then inducts its 
charge, which draws upon the fuel that has condensed 
between its port and the main branch of the manifold. 
Before the next charge for cylinder No. 2 enters, a 
considerable time interval elapses during which prac- 
tically no flow occurs in the portion of the manifold 
connecting the branch of this cylinder and the main 
branch; in this case 255 deg. This new charge can 
draw upon a relatively large quantity of liquid fuel, 
while cylinder No. 1 can draw only upon the fuel that 
can deposit in an interval of 15 deg. The action in the 
rear half of the manifold is similar. Consequently, a 
great tendency exists for cylinders Nos. 2 and 5 to 
receive richer mixtures than all the others”. Further, 
the heat from the hot-spot probably will keep the two 
middle cylinders, Nos. 3 and 4, warmer than the others, 
thereby disturbing the balance of power. 

From this brief analysis, the even distribution of 
wet mixtures seems to be extremely difficult. At high 


See Mechanics of the Gasoline Engine, by H. A, Huebotter, 
p. 291. 


See THE JOURNAL, March, 1920, p. 190. 


; “See Proceedings of the Institution of Automobile Engineers, 
927-1928. 


= See Bulletin No. 15, Engineering Experiment Station, Purdue 
University. 


*® See Proceedings of the Institution of Automobile Engineers, 


1927-1928 


* See La Vie Automobile, June, 1927, paper by L. Cazalis. 
% See The Autocar, January, 1929. 


(Concluded from p. 399) 


gas-velocities the fuel may follow the air very closely 
and arrive at its intended destination at the correct 
time; but, even then, unless the manifold is designed 
to give equal air-distribution, the fuel distribution 
cannot be uniform”. Tests seem to show that if the 
fuel distribution is uneven at low engine-speeds, in- 
creasing the engine speed does not change the situa- 
tion”. 
Heating the Fuel 


Several years ago O. C. Berry suggested the possi- 
bility of securing even distribution by heating the fuel 
without heating the air”. The fuel can be vaporized 
rapidly by a small quantity of high-temperature heat 
and then mixed with cool air to form a fog which can 
be inducted into the cylinder before the fuel has time 
to condense. Some work of this character has been 
done in England in the operation of a motorcoach with 
kerosene”. The fuel entered the manifold after it was 
completely vaporized by the exhaust gases. The fog- 
like mixture could be distributed in much the same way 
as a gas is distributed. The vehicle showed only 5 per 
cent less power than with “petrol,” and the same ecom- 
omy. , 


Status of Manifold Design 


At present, no complete agreement seems to exist 
regarding the best form of inlet manifold; but it is 
generally conceded that, so far as possible, sharp turns 
and sudden enlargements should be avoided; the vari- 
ous branches should have the same length; the induc- 
tion impulses should occur at equal intervals alternately 
on each half of the manifold; and the gas velocity 
should be high enough to avoid excessive condensation 
without causing too high a frictional loss". Except on 
these points there is little agreement. 

The situation is aptly summarized by the following 


remarks taken from a review” of the 1929 Olympia 
automobile show: 


A review of the manifolds on eight-cylinder cars 
showed considerable variety in their design, which 
alone is evidence of the difficulty of the carburetion 
problem; for each designer has not produced a 
different solution of the problem for the sake of 
being different but because he thinks his particular 
treatment of the problem is the correct one. 
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Great Inventions and Their Effects 





By F. O. Ricuey' 





CCEPTANCE of the characters paraded in his- 
tory as the benefactors of mankind and as the 
promotors of civilization, with resulting adula- 

tion and emulation of them by peoples past and present, 
must have had, does have, and will have its evil effect. 
I think that Achimedes contributed more to our happi- 
ness than Alexander. I think the unknown inventors 
who invented window glass or spectacles or the gimlet, 
or a hundred and one other devices used daily, have con- 
tributed more to our comfort and happiness than have 
Cesar, Napoleon, the grand monarch, or any other hero 
of history. Gaul might have gone unconquered, but 
life would be very drab without window glass. 

The most outstanding invention relating to weapons 
and perhaps the greatest invention of all time, if not 
the most far-reaching in man’s history, was the inven- 
tion of the bow and arrow. This must have occurred 
at a very remote period. It came to us full-fledged from 
prehistoric times. It was either invented independently 
at a plurality of places or the people first securing it 
spread in conquest over the known world. 

Three prominent principles contribute to its great 
importance, First, it made man king of the animals 
and master of the earth; he was immediately elevated 
from the position of a fugitive from many of his con- 
temporary creatures to master of them all; puny man 
was converted into a formidable antagonist by his ter- 
rible engine and came out of the holes in the ground 
and other fortresses in which he had lived and dwelt in 
the garden spots of the earth. Unless released from 
the thraldom of the brute force that ruled in the world 
before this great invention, man never could have been 
a trader or a builder. The other inventions, art, litera- 
ture, indeed most that he knows and does, are built 
upon the foundation laid by the inventor of the bow 
and arrow. 

Second, thé bow and arrow was the first labor-saving 
machine; it was the first compound machine. The three 
parts, the string, the bow and the arrow, operated 
together for a common result. That alone 
was the most radical departure made 
from prior practices since man had aban- 
doned anatomical and adopted mechanical 
development. The conception of a com- 
pound device or machine in which one 
inanimate part operated through a second 
upon still a third, was a masterful mental 
achievement; nothing which man knew 
or used could have suggested it; it could 
not have been a development; it must 
have been evolved full and complete from 
one master mind. The complex machines 
of today are but an expansion of and variation in the 
principle first introduced in the bow and arrow, the 
first combination of cooperative elements. Our me- 
chanical development and that part of our civilization 
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which is based on such development therefore dates 
from that invention, and no step in all that develop- 
ment marks such a departure from and advance over 
what was previously known. 

Third, the premium upon brute strength as against 
the agile mind was obsoleted as a primary principle; 
the little man with a bow and arrow was a match for 
the big man, especially when he resorted to ambush and 
stratagem. The way was therefore cleared for the de- 
velopment of the mind; as between man and brute, 
so was it between man and man on that score. The 
Davids of the earth waxed and the Goliaths waned. 


Civilization Depends on Wheel and Axle 


Another invention which has resulted in tremendous 
consequences is the wheel and axle, appearing in its 
two forms: first, in the vehicle and, second, in the ma- 
chine. The wheel and axle burst into history in the 
first form on the war chariot and in the second form as 
the potter’s wheel. Without the wheel and axle, land 
transportation must have been limited to drag sleds 
and animal caravans. The almost universal transporta- 
tion which of recent years has brought all peoples 
together and spread knowledge and understanding 
broadcast would be impossible without the wheel and 
axle; and to eliminate the wheel and axle would elimi- 
nate most of our modern machinery. 

Although no such burst of genius as resulted in the 
bow and arrow was required to evolve the wheel and 
axle, the latter invention has outlived the former in 
usefulness. It is generally supposed to have been de- 
veloped from the use of rollers under sleds. Manifestly, 
there can be no general substitute for the wheel and 
axle. 

The third of the most important inventions, the 
mariners’ compass, is of comparatively recent origin, 
but the consequences of its invention and use are wide- 
spread and lasting. During thousands of years prior 
to this invention, knowledge, customs, laws and the use 
of devices and nature’s products had been 
collected in isolated communities in vari- 
ous parts of the world, particularly in 
Asia, and were either unknown to the 
European or were available in very 
limited quantities. The voyages of Co- 
lumbus, Da Gama, Magellan, Cabot and 
their contemporary navigators were made 
possible by and resulted from the inven- 
tion and use of the mariners’ compass. 
The collection of this knowledge and the 
transportation ‘of all these things to 
Europe would not have been possible with- 
out the use of this instrument. 


Slavery Abolished by Machinery 


Two series of important inventions were consum- 
mated in England in the latter part of the 18th cen- 
tury. Watt and his associates completed the invention 
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of the steam engine and Arkwright and his associates 
completed the invention of spinning machinery. Oper- 
ating together, these two inventions initiated the social 
status that exists today between capital and labor. The 
savings in labor and other costs effected by these two 
inventions were tremendous, and capital proceeded to 
garner them unto itself. Labor countered with the 
union, demanded, and has since received, a propor- 
tionate share of the results of mechanical invention. 
Until the invention and wide use of motor-propelled 
vehicles, mechanical invention, especially that relating 
to farm machinery, affected the farmer as a capitalist 
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the time which labor-saving machines have yielded 
many of us without letting the devil find something for 
us to do with it. Perhaps the greatest change of all 
time in living conditions has been effected collectively 
by the inventions made in the last 100 years. The en- 
tire mental attitude of whole peoples has been changed. 


Some Long-Delayed Inventions 


There are also to be considered revolutions that might 
have been effected by the earlier completion of inven- 
tions. Most prominent among these devices are the 
steam engine and electrical machinery. 


just as the steam engine and 
the spinning jenney affected 
the English capitalist of the 
18th century, but later inven- 
tions have affected the farmer 
as the steam engine and the 
cotton jenney did the English 
laborer, because they de- 
creased the demand (for 
horses, horse-feed and other 
farm products and reduced 
the-prices thereof. 

Another social revolution 
effected by the inventor was 
the abolition of slavery. The 
invention of lavor-saving ma- 
chines made slavery no longer 
necessary, just as improve- 
ments in the sailing ship and 
finally the steamship abolished 
galley slaves. Agricultural 
slavery continued after the 
galley, war and serf slaves 
were abolished, because no 
important improvement in 
agricultural implements was 
made between the Roman era 
and our Revolutionary War. 
By a strange paradox, the in- 
vention of cotton ginning 
but the failure to invent cot- 
ton-picking machines made 
slavery more important in the 
cotton-growing country. 


The unknown inventors who in- 
vented window glass or spectacles or 
the gimlet, or one hundred and one 
other devices used daily, have con- 
tributed more to our comfort and 
happiness than have Caesar, Napol- 
eon or any other hero of history. 

Perhaps the greatest invention of 
all time was the invention of the bow 
and arrow. The complex machines 
of today are but an expansion of and 
variation in the bow and arrow, the 
first combintion of cooperative ele- 
ments. 

Without the wheel and axle, land 
transportation must have been limited 
to drag sleds and animal caravans. 
To eliminate the wheel and axle 
would eliminate most of our modern 
machinery. 

Invention of labor-saving machin- 
ery made slavery no longer necessary. 

White supremacy is based upon 
the superior machinery, especially 
the superior arms, of the white man. 

The greatest change of all time in 
living conditions has been effected 
collectively by inventions made in 
the last 100 years. The entire mental 
attitude of whole peoples has been 


Approximately 135 years 
before Christ, a Greek named 
Hero invented a steam en- 
gine. The outstanding feature 
of the most practical form of 
Hero’s invention was an en- 
gine which could move in one 
direction what he used as the 
equivalent of a piston, but 
Hero had no means for mov- 
ing it back. His engine was 
used to open the temple door 
when a fire was built on the 
temple altar. His boiler was 
under the altar and the steam 
generated therein moved de- 
vices which opened the door, 
thus mystifying the people. 
The inventions of Watt and 
his contemporaries improved 
upon Hero’s engine so that 
the piston could be moved 
both ways by steam. Nothing 
that happened in the 2000 
years between Hero and Watt 
was as important to you and 
me or to man in general as 
would have been the making 
by Hero of the improvements 
on his engine that Watt and 
his contemporaries made. 

About 600 years’ before 
Christ, Thales of Miletus dis- 


The social system of the changed. 
world known as white su- 
premacy is based upon the 
superior machinery, especially 
the superior arms, of the white man. With our superior 
ships we colonized the world, and with our superior 
army we conquered the aborigines. 

It is impossible to determine at this time what revo- 
lutions are resulting from the great host of important 
inventions that have been made in the last 25 years 
or what will be the full consequences of those revolu- 
tions. It is apparent, however, even at this early stage, 
that the old social life is being greatly reduced and per- 
haps will be destroyed by the increased attractiveness 
of the home resulting from the general use of the radio, 
the phonograph, the motion picture, the automobile 
and like inventions. It is also apparent that the inven- 
tion of the labor-saving devices used in the home has 
greatly reduced the work of the housewife and in that 
way effected a great change in domestic life. One of 
the great problems of our times is the utilization of 





covered how to produce static 
electricity and to utilize it 
in some crude ways. For 
2000 years nothing was added 
to Thales’ contribution to 
electrical knowledge. It is fair to say that, had the 
work of Gilbert, Volta, Faraday, Maxwell and others 
been continuous with that of Thales, nothing that 
happened in that 2000 years would have been so im- 
portant to us all. 

Looking backward, it is difficult to account for the 
slow development mechanically of those years often so 
filled with activity and enlightenment in other lines. 

An outstanding instance of a long-belated invention 
is the simple and obvious expedient of putting a sharp 
point on a wood-screw. The gimlet was invented several 
thousand years before Christ and in itself was rather 
a remarkable invention for those days, in that it was 
so radically different from the tools then known and 
used. For something like 5000 years carpenters bored 
a hole with a sharp pointed gimlet and then put a flat- 
pointed wood-screw in the hole. Not until about 100 
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years ago did anyone think of putting a sharp point on 
the screw. 

A much more important and also long-belated inven- 
tion was that of the printing press. Stencils contain- 
ing the entire group of characters were used from time 
immemorial, but it was not until about 1440 that Gut- 
tenberg conceived the idea of placing each letter or 
other character upon a single type and grouping them 
at will to form words and sentences. It is impossible 
to estimate in any fair way the tremendous revolu- 
tionary consequences on human life and habits which 
have resulted from this belated and very simple inven- 
tion, or how tremendous would have been the conse- 
quences if the simple invention of Guttenberg had been 
made 1400 years before Christ instead of 1400 years 
after Christ. 

In the first Punic War the Carthaginians were driv- 
ing the Romans into a corner as a result of the naval 
supremacy of the Carthaginians in the Mediterranean. 
The problem of the Romans, who had the superior 
army, was to overcome this naval supremacy by the 
use of their superior army. Although the Romans made 
virtually no contribution to science or mechanics, they 
solved this problem by equipping their warships with 
a draw-bridge which could be dropped down so that 
the far end would fall upon an opposing Carthaginian 
warship. Over this bridge the Roman soldiers passed 
and a naval engagement became a land battle on the 
deck of the Carthaginian ship. Although the Cartha- 
ginians saw their naval supremacy passing, not one of 





them was clever enough to think of a means to prevent 
the effective use of this draw-bridge. To this inability 
to think of the simplest kind of an invention, we owe 
Roman and probably European supremacy as against 
Carthaginian and African supremacy. 


Belated Inventions Due to Economics 


Why was this mechanical and scientific advance, that 
has accomplished so much to relieve the hardships and 
increase the comforts of man, so long delayed? The 
answer is to be found, as is the answer to most ques- 
tions, in economics. The inventor could hope to make 
no gain by his inventions unless he could keep it secret, 
and that could rarely be done. The sculptor, the writer 
and the painter were high-class artisans economically 
and commanded returns of one kind or another for their 
services, but, once the inventor’s secret was out, the 
fruits of his toil were lost to him. 

Many but not all modern inventors do reap a worthy 
reward under our present patent laws. That has been 
the situation for about 150 years last past. It has been 
substantially co-extensive with the great mechanical 
revolution. Much greater results and gains from 
modern inventions are reaped by others. The farmer 
no longer gets his full share of the advantages of the 
modern inventions. I think it fair to say that the 
greatest problem before the people of the United States, 
and perhaps most of Europe, today is the more equal 
distribution of the economies made and the comforts 
and pleasures increased by modern inventions. 


THE DISCUSSION 


FRED A. CORNELL*:—Is not much of the present-day 
invention the result at times of mere accident in which 
a large quantity of false values are set up and become 
a brake rather than an inducement to industry and the 
expansion of these inventions into public usage? What 
is the value of accident in invention? There is a type 
of diversion of patent laws to hinder industry and lessen 
the public use rather than to extend it. 

F. O. RICHEY:—I think you are right. One of the 
most responsible duties today of any group of men falls 
upon our Federal courts. The duty is that of deciding 
between what is invention and what is mechanical skill. 
That is a very difficult task because some men are not 
technical; it is a burden they ought not to have to 
bear. It is true that a great many patents on me- 
chanical devices are issued which ought never to be 
issued. The law is not perfect, but it is perhaps more 
perfect in the patent system than in any other branch. 

The patent work of the Government is just about as 
efficient as anything else it does, if not more efficient, 
and one thing can be said of it that cannot be said 
about the other things; that is, as far as I know, it 
is absolutely honest. I have been in the Patent Office 
and have done work before the personnel, and I know 
of only one incident of crooked work in the Patent 
Office. The man who did it has been sent to the peni- 
tentiary. 

S. L. BRADLEY’:—It seems to me that only within 
the last 100 years or so have inventions become popular 


*M.S.A.E.—Secretary, C. G. Spring & Bumper Co., Detroit. 
8 A.S.A.E.—Sales engineer, Ross Gear & Tool] Co., Cleveland. 


*M.S.A.E.—Chief engineer, bumper division, Eaton Axle & 
Spring Co., Cleveland. 





and inventors so idolized. If there had not previously 
been so much prejudice against new inventions, our 
modern civilization would not have been so slow in 
coming. 

Mr. RICHEY :—One of the greatest of the social revo- 
lutions that have been effected very largely by inven- 
tion has been the change of the whole mental attitude 
of man. The prejudice you speak of has been overcome. 
Our disposition is dependent to a great extent upon how 
well we are fed, where we sleep, our general comfort 
and whether we are diseased or well. If one goes into 
the mountains in the South or among the people of any 
primitive country, he can see the hardships our great- 
grandfathers had to go through, the amount of manual 
labor that was required to make a bare living. One 
then begins to understand why human beings living 
in such conditions have morbid dispositions, fight among 
themselves and have feuds. They are in competition 
with one another very largely for the necessities of 
life, whereas most of us are in competition merely for 
the luxuries. The relief from the fight for necessities, 
together with the fact that new devices are coming out 
all the time and we have to keep up with them, and the 
things the doctors have done to eliminate diseases, have 
changed our whole mental attitude. 


Cannot Force Manufacture of Patented Device 


B. H. Buatir*:—Is something not wrong with a sys- 
tem under which an individual or a small company can 
get a patent and supposedly have protection under it 
and another company, perhaps with greater resources, 
feels that it can use that device, because the patentee 
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could not spend the money to prosecute for infringe- 
ment? 

Mr. RICHEY:—If the company has a valid patent on 
a meritorious invention, it is unfortunate and even 
wrong that such a situation should exist. On the other 
hand, if the patent is not valid, or covers a mere me- 
chanical expediency, I do not think anything is wrong 
with the system. The question is whether a meritorious 
invention is covered by a patent and whether the patent 
has been properly taken out. A patent is the same 
thing as a deed to a piece of land. If you have an in- 
vention you should patent it and you must have it 
working well or your rights in the invention will be 
lost just the same as in real estate. In this Country a 
patent right is the same as any other right; you have 
to go into court to enforce it. 

EUGENE BOUTON’ :—When a patent on a useful article 
is granted to or acquired by a large corporation and 
the corporation will not manufacture the article for 
fear of competition, could the manufacture of that 
article be forced under the law, either by infringing the 
patent rights or making the holder of the patent bring 
out the device and use it? 

Mr. RICHEY :—The law makes no provision for forc- 
ing the use of a patent. The patent gives the exclusive 
right to make, use, and sell, and the patentee can do 
what he pleases with the right, within certain limita- 
tions; but he is not required to manufacture the article. 
As a matter of fact, economics come into play; if a man 
has something valuable, he does not usually put it away 
where it cannot be used. , 

MERRIT R. WELLS:—What percentage of the inven- 
tors who secure patents ever realize as much as they 
cost them? 

Mr. RICHEY:—Speaking only from my own very 
limited experience, I should say that you would be sur- 
prised at the number of people who do realize; and 
you would appreciate why more do not realize on them 
if you were to study their character. The trouble with 
an inventor is that he wants $1,000,000 or nothing. If 
he would get on solid ground and be reasonable, the 
man who really invents things would make money. Sup- 
pose the class of people who go into inventing went 
into the banking business, what per cent of them would 
realize anything from their efforts? Or, if they went 


into any other line of business, what would the result 
be? 





Value of Foreign Patents Overestimated 


CHAIRMAN FERDINAND JEHLE’:—Are foreign patents 
really of great importance in the automobile industry? 
Mr. RICHEY:—I have always been inclined to recom- 
mend against taking out foreign patents. I notice that 
in recent years there has been considerable activity in 





5 M.S.A.E.—Supervisor of time-study, J. I 
chine Co., Tractor Works, Racine, Wis. 

®°M.S.A.E.—Research engineer, White Motor Co., Cleveland. 

*M.S.A.E.—Works manager. National Acme Co., Cleveland. 
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taking out foreign patents on automobile devices and 
another in American machinery, but we are getting so 
far ahead of foreign countries that they begin to real- 
ize they must adopt our methods of manufacture and 
our machines and automobiles and accessories. We 
patent attorneys do not know as much about those 
things as you men in the industry know. The value 
of a patent is dependent upon the value of the thing 
it covers; if the invention is no good, the patent is 
valueless. You have to decide whether the thing is 
going to be good abroad. Of course, companies having 
foreign branches take out a great many foreign patents, 
and it is always to their advantage to do so. 

MAX L. JEFFREY':—What is the first step the in- 
ventor should take in protecting his patent before he 
is ready to submit it to a patent attorney? He may 


have the idea, but is not ready to give it to the patent 
attorney. 


How to Protect Invention Before Patenting 


Mr. RICHEY:—Sometimes people want us to secure 
patents without their telling us what they have; they 
do not trust us. The first thing to do, I think, is for 
the inventor to keep a document or record showing his 
conception; that is, the first time he thought of it. 
Then there is a disclosure the first time he tells any- 
body else about it, and the first drawing he makes; the 
drawing should be dated and witnessed, and the written 
description should be dated, witnessed and preserved. 
Then he comes to what we call the reduction to prac- 
tice; that is, the making and testing of a device. Those 
things should all be witnessed carefully and records 
made of them. 

The best records with which to conie in contact are 
those of the laboratory or shop, where items are made 
from day to day consecutively, so that the record of 
a particular invention is not only supported by the fact 
that it is dated and witnessed, but also that it is an 
item in a diary and is chronologically placed. 

CHAIRMAN JEHLE:—What is your opinion regarding 
the mail-order patent houses? It is possible to get a 
patent by correspondence, and they are guaranteed. 

Mr. RICHEY:—The Commissioner of Patents and 
the others who are running the Patent Office have tried 
time and again to put limitations on those people or 
disbar them, but they have an astonishing amount of 
political influence. I was associated with the efforts 
to restrict them. Every time the Commissioner of 
Patents tries to put restrictions on that kind of patent 
business he is met with political opposition. 

Mr. WELLS:—Can an inventor protect his invention 
until he is sure there is a market for it and wants to 
obtain a patent? 

Mr. RICHEY:—As a rule a patent on something that 
is not practical or has no utility is a loss to the patentee; 
but if a man is confident it is going to be a success, I 
do not know why he should hold back. 
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ONFUSION has arisen regarding just what is 

meant by adjustable, variable-pitch and con- 

trollable-pitch propellers and we feel the matter 
should be more clearly defined in the following way: 
Fized-pitch propellers to apply to both (a) the ordinary 
fixed-pitch propeller, made up with the hub and blades 
integral, and the material the same throughout and 
(b) the detachable-blade or ground-adjustable type 
that will usually have the hub and blades of different 
materials, and in which the blades will be clamped in 


the hubs on the ground to an 


angle that is assumed, usually 


Controllable-Pitch Propeller | 


By T. P. Wricut! anp W. R. TurRNBULL? 


Illustrated with Cuarrts 


For the fixed-pitch propeller some condition of flight 
must be chosen by the designer, on which to base his 
calculations, and that will usually be the top-speed 
when flying level at low altitude. For convenience in 
dealing with the angles of a controllable-pitch propeller, 
we will call the angle, so found, and at some definite 
radius, such as 36 or 42 in., the “normal angle,” and 
refer any other angle that the controllable-pitch pro- 
peller may be given by the pilot to this as plus signify- 
ing a greater and minus, a lesser pitch-angle than the 

“normal.” 
In the fixed-pitch propeller, 





by experiment, to give the 
best general or some specially 
desired performance results. 
This type is obviously also 


’ the controllable- 
pitch propeller, recognized in the 


Desirability of 


assuming good design, the 
propeller will be just right 
for the case of top-speed level 
flying and full-open throttle, 


fixed pitch as far as flight is early days of aviation, is rapidly with the engine running at 


concerned as soon as a certain 
angle is decided upon and set 
on the ground. The variable- 
pitch propeller, has been used tion. 
to designate both (a) a fixed- 


becoming a necessity if the airplane its normal rated number of 
is to develop its full possibilities as 
an established means of transporta- 


revolutions per minute and 
the efficiency of the propeller 
will be the maximum for this 


blade propeller, in which, by 
special design, the pitch has 
flattened out or increased ac- 
cording to the relative speeds 
of the airplane or the engine 
or both. A few have been 
built and used, but their ad- 
vantages, over the ordinary 
fixed-blade type, have never 
been fully demonstrated. Of 
course, the variation in pitch 
occurs mainly in the tip-sec- 
tions only and does not affect 
the blade as a whole. We 
might, therefore, say that all 
fixed-pitch propellers are vari- 





Added weight, provided it can be 
kept reasonably low, will be offset 
many times by the great perform- 
ance advantages accruing from the 
use of a propeller possessing good 
efficiency at all conditions of flight 
and permitting full engine power to 
be developed when most necessary. 

A few hundred hours’ operation 
should balance the added cost of 
controllable-pitch propellers by 
reason of greater  flight-efficiency, 
lengthened engine-life, and less need 
for frequent overhauls. 

Extensive use of the controllable- 
pitch propeller on many types of 
airplanes and on practically all of 


one condition of flight. For 
any other condition of flight, 
the propeller will be less effi- 
cient and the over-all efficiency 
of the airplane will decrease, 
and, under some conditions, 
to a very considerable extent. 
In general, the efficiency of 
any given propeller will vary 
as v/ND, in which D the 
diameter in feet N =the rev- 
olutions per second, and v 
the translational velocity of 
the airplane in feet per sec- 
ond, and the maximum value 
for a propeller is reached 
when the value of this ratio 


able pitch, in this sense, to a 
slight degree, since none are 
rigid structures. The term 
variable-pitch propeller has 
also been used to designate 
one having the blades mov- 
able about their radial axes, the blade angle being con- 
trolled by the pilot, when the airplane is in flight; but 
owing to the two meanings that have been applied, we 
now believe that this second meaning should be dropped 
and in this paper we use the term controllable-pitch 
propeller, to mean one having the blades mounted in the 
hub, so that they can be turned about their radial 
axes, during flight, and at the will of the pilot. 


certain types is 
next few years. 








1M.S.A.E.—Chief engineer, airplane division, Curtiss Aeroplane 
& Motor Co., Garden City, N. Y. 

2Consulting engineer, Curtiss Aeroplane & Motor Co., Garden 
cay, m. Y. 
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inevitable in the is in the vicinity of 1.0. The 


diameter D is usually fixed 
by the general design condi- 
tions imposed by the aircraft, 
and therefore the efficiency is 
usually a function of the 
speed of the ship and also of the speed of the engine 
and thus cases often occur, when v is relatively low 
and n relatively high, where a geared-down engine 
is indicated as the best method of obtaining a good 
efficiency from the propeller, while, without the gear- 
down, the efficiency would be really poor. 

Once a propeller is built D becomes fixed, and, since 
v/N is the pitch of the propeller, then this pitch must 
be varied, when » and v are varied, in order that the 
ratio v/ND may approach as nearly to 1.0 as possible. 

High speed or top speed when flying level is the 
condition for which the fixed-pitch propeller is usually 
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designed and the designer aims to have his v/ND, for 
this condition, approach as nearly to 1.0 as the design 
conditions of the aircraft as a whole permit. The con- 
trollable-pitch propeller meets the condition just as 
well, but no better than the fixed-pitch type at low al- 
titude but at great altitudes produces a marked im- 
provement that will be discussed later. 

In usual cases the maximum thrust per horsepower 
occurs during take-off and when the speed of the air- 
plane is in the vicinity of 15 to 20 m.p.h., but with 
fixed-pitch propellers, the brake horsepower of the en- 
gine is still down owing to the number of revolutions 
per minute even with full throttle. With controllable- 
pitch propellers, the maximum power of the engine can 
be attained by decreasing the pitch of the blades, usu- 
ally 3 to 4 deg. below normal, and thus a very great 
advantage is gained, particularly in heavily loaded air- 
planes that would otherwise be unable to leave the 
ground. 

To take a concrete case, a certain engine of the 200 
class is down in horsepower about 15 per cent in the 
early stages of take-off, but when the full horsepower is 
regained by decreased pitch of the propeller, we have 
the equivalent of 30 more in horsepower available, and 
since the thrust per horsepower is high, 5 lb. per hp. or 
more, at just the critical speeds of take-off, we have an 
additional thrust of 150 lb. to get the machine into the 
air, when a controllable-pitch propeller is employed. 

In no condition of flight are the advantages of a con- 
trollable-pitch propeller more apparent than during 
climb, and the improvement in this phase of perform- 
ance that can be brought about, often by slight changes 
in the pitch of the propeller of a 2 to 3-deg. decrease 
below normal, is sometimes very remarkable. To illus- 
trate the point, consider certain actual official tests, 
carried out at the Isle of Grain Air Station, England, 
Aug. 28, 1917. The machine was a Short seaplane, 
weighing 5518 lb. and driven by a 240-hp. Renault 
engine having a normal speed of 1250 r.p.m. 

This same seaplane and engine were tested with two 
fixed-pitch propellers that were almost identical, except 
that one had a pitch throughout the blade of approxi- 
mately 2%4 deg. less than the other. Nine tests were 
made with the result that the propeller of lesser pitch 
gave rates of climb that were from 31 to 85 per cent 
better, the average of all the tests being 60 per cent. 
In both cases the engine throttle was kept fully open, 
during the climbs, but, of course, in the case of the 
lower-pitched propeller, the revolutions were normal, 
1253 r.p.m., and the full power of the engine could be 
developed, but in the case of the other propeller, 
which was designed for the top-speed of the machine 
and not for climbing, the engine speed was 1230 r.p.m. 
or below normal and the full horsepower could not be 
developed when climbing as can be readily understood. 
In addition to the cases cited above, and many like it, 
the advantages of variable-pitch propellers in climbing 
have been calculated out by Betts and Mettam* who 
found that for an S.E. 5 machine with a Wolseley 
Viper engine, developing 212 b.hp. at 1900 r.p.m. a 
controllable-pitch propeller should increase the rate of 
climb 31 per cent at 2000 ft., 36 per cent at 10,000 ft. 
and 70.5 per cent at 15,000 ft. Their results are plotted 
in Fig. 1, and these should be capable of still further 
improvement with a supercharged engine. 


*See British Advisory Committee for Aeronautics Reports and 
Memoranda No, 577. 


In flying at great aititudes special conditions are met. 
The air density at 20,000 ft. is only about one-half 
that at sea level, and to get full performance out of an 
airplane, both the controllable-pitch propeller and a 
supercharged engine are clearly indicated. The authors 
last cited have calculated the advantages that would be 
gained by employing a controllable-pitch propeller with- 
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FIG. 1—COMPARISON OF A FIXED-PITCH AND A CONTROLLABLE- 
PITCH PROPELLER IN LEVEL FLIGHT AND IN CLIMB 
These Curves, Which Are Reproduced from a British Advisory 
Committee for Aeronautics Report, Show That for an S.E.5 
Airplane with a Wolseley Viper Engine Developing 212 B. Hp. 
at 1900 R. P. M., @ Controllable-Pitch Propeller Should Increase 
the Rate of Climb from 31 Per Cent at 2000 Ft. to 70.5 Per 
Cent at 15,000 Ft. 


out a supercharged engine, a gain of 30 per cent in top- 
speed at 20,000 ft. being indicated by their calculations. 
They also indicate a reduction of pitch, in the attain- 
ment of this result, whereas, the pitch probably should 
be increased beyond the normal, at the greater altitudes, 
if a thoroughly efficient supercharged engine were 
employed that could develop the full power of the engine, 
since the top speed of a machine should be greatly in- 
creased in the rarified air, as its resistance goes down 
in proportion to the air-density, and therefore the pitch 
of the controllable-pitch propeller should be consider- 
ably increased to comply fully with the condition of the 
higher velocity. 

Since the term cruising is somewhat indefinite, we 
think the term “best cruising-speed” should be em- 
ployed and define this as the speed at which an air- 
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plane will travel the greatest distance with the least 
fuel consumption, or, briefly, the best result in miles 
per gallon. 

Several items enter the problem and complicate it. 
Chief among these is the fact that aviation carbureters 
are usually adjusted to give “best setting” at three- 
quarters to seven-eighth throttle whereas the ideal 
setting, for maximum economy, with a controllable- 
pitch propeller, would be a “best setting” at one-quar- 
ter to one-half throttle, if the airplane is to be used 
mostly at best cruising-speed. If such adjustments were 
possible extremely high economies could be reached, 
and, in certain services, at least, this is desirable, for 
operation costs would be greatly reduced, not only on 
account of important savings in the fuel bill but also 
on account of lessened wear and tear on engines and the 
long periods between necessary engine overhauls. With 
an airplane really tuned, in all particulars, for traveling 
at best cruising-speed, the engine speed will only be 
about two-thirds of the rated number of revolutions 
per minute, and engine life and the time between over- 
hauls should be lengthened to a very remarkable degree. 

To obtain some specific data on this question, the 
Curtiss Aeroplane & Motor Co. has carried out some 
tests. A detachable-blade propeller, the pitch of which 
could be altered and set on the ground, was used. The 
airplane was a Curtiss Robin, and an auxiliary tank 
was so fitted that the exact time of using 1 gal. could 
be taken with a stop-watch. For each pitch setting the 
pilot went up to 2000 ft. and then adjusted the throttle 
to just fly level, at the predetermined air speed, 76, 88 
and 100 m.p.h. being the three speeds at which the 
tests were made. He then closed the gasoline supply 
from main tanks, opened that from the auxiliary tank 
and with a stop-watch took the time required to use 
exactly 1 gal. During this run he also noted throttle 
opening and engine speed. 

The results of these tests are plotted in Fig. 2, and 
while we propose to pursue the investigation consid- 
erably farther, enough was learned to indicate the im- 
portant saving in fuel that could be effected by using a 
controllable-pitch propeller, at a coarse pitch in the 
cruising case, even with a standard carbureter and with 
only the usual adjustment for making the mixture lean 
or rich. The curves indicate a best cruising-speed of 
about 76 m.p.h. and this airplane, fitted with a controll- 
able-pitch propeller, could therefore take off well with a 
fine-pitch setting, climb rapidly to a desired height, 
then change the pitch to a coarse setting and proceed 
at the best cruising-speed and lean mixture. 

For this latter case, 8-ft. pitch, the throttle opening 
was less than one-fifth, and the speed was only 1150 
r.p.m. against a normal 1800 r.p.m.; while the fuel con- 
sumption was 1 gal. per 14 miles. How important the 
fuel economies and reduced engine wear and tear can 
become for certain services, even with carbureters as 
ordinarily adjusted, is at once obvious. The normal 
pitch for this airplane and engine is 5 ft. and at 76 
m.p.h. the engine speed would be 1450 r.p.m. The ad- 
vantage, then, in using a controllable-pitch propeller 
instead of a fixed-pitch propeller, for this case, works 
out at a saving of 12 per cent in fuel consumption and 
26 per cent in engine speed. With special carbureter 
adjustment, we believe that this result could be ma- 
terially improved. 

The supercharged engine has given abundant proof 
that it is capable of greatly increasing the performance 
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of an airplane, particularly with respect to the climb, 
ceiling, and level top-speed flying at great altitudes, 
and a supercharged engine can be made to develop 10 
to 20 per cent more power at 20,000 ft. than it will at 
sea level. It has, however, a serious disadvantage, 
when used with a fixed-pitch propeller on the question 
of take-off and early climb, since to utilize its extra 
power at great altitudes, it must be overloaded by a 
propeller that is too steeply pitched at the ordinary alti- 
tudes near sea level. 

A typical case of an airplane having a propeller of 
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Fig. 2—PITCH-FUEL ECONOMY CURVES 

These Tests, Which Were Made on a Curtiss Robin Airplane 
Equipped with a Detachable-Blade Propeller at an Altitude 
of 2000 Ft. and Speeds of 76, 88 and 100 M. P. H., Showed That 
the Best Cruising-Speed Was 76 M. P. H. and That the Best 
Pitch Was 8 Ft. The Throttle Opening under These Conditions 
Was One-Fifth. The Speed Was Only 1150 R. P. M. as Com- 
pared with a Normal Rate of 1800 R. P. M. and the Fuel Con- 

sumption Was 1 Gal. per 14 Miles 


the fixed-pitch type, with and without a supercharged 
engine, is shown in Fig. 3. Full lines show the super- 
charged-engine performance, while dotted lines show 
the unsupercharged-engine performance, and up to 4000 
ft. the unsupercharged engine gives the better rate of 
climb, and this, therefore, has an important bearing on 
the take-off. With a controllable-pitch propeller, the 
pitch could be reduced for take-off and early climb, 











while in the latter stages of the climb it could be in- 
creased beyond normal (See Fig. 4) and we should 
then have an airplane capable of better take-off and 
early climb and capable of still better performance at 
great altitudes than the remarkable improvement al- 
ready shown for the supercharged engine with a fixed- 
pitch propeller. While the case has not been carefully 
calculated, we should then expect for the supercharged 
engine coupled with a controllable-pitch propeller, a 
performance curve similar to that marked Approximate 
Rate of Climb with Controllable-Pitch Propeller in Fig. 
3. A full appreciation of the supercharged engine has 
really been awaiting the development of a thoroughly 
satisfactory controllable-pitch propeller since the two 
mechanisms are complementary to one another and 
some very remarkable improvements in performance 
can certainly be attained when the two are used in con- 
junction. 

In future flying, in accordance with the argument 
just set forth, a line of development can easily be fore- 
seen by which machines will no longer fly near the sea 
level but will ascend to great altitudes and fly there at 
a much greater speed than any heretofore attained, 
with the expenditure of no more fuel than they would 
use near sea level. Such a development might not mean 
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Fic. 3—EFFECT OF SUPERCHARGING UPON CLIMBING RATE 
AND TIME OF AN AIRPLANE EQUIPPED WITH A FIXED-PITCH 
PROPELLER 
Supercharged Performance Is Shown by the Full Lines and 
Unsupercharged by the Dotted Lines. These Curves Show That 
Up to 4000 Ft. the Unsupercharged Engine Gives the Better Rate 
of Climb, Which Has an Important Bearing on the Take-Off. 
The Approximate Rate of Climb with a Supercharged Engine 
and a Controllable-Pitch Propeller, the Pitch of Which Could be 
Reduced for Early Take-Off and Climb and Increased beyond 
Normal in the Latter Stages of the Climb, Is Included 
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very much for the general transportation of passengers, 
who might suffer from the physiological effects of fly- 
ing beyond 10,000 ft. unless air-charged, sealed cabins 
are simultaneously provided, but in military flying and 
the transportation of mail it could mean considerable 
since young pilots who become accustomed to flying find 
no difficulty in flying at an altitude of 15,000 or 20,000 
ft., as was proved during the war. 

For such a service, the airplane would be equipped 
with both a supercharged engine and a controllable- 
pitch propeller, the pilot would take off better than 
with an ordinary machine, by reducing his pitch sev- 
eral degrees below normal, and make the early climb 
with the same setting. When he had gained altitude he 
would gradually increase his pitch and hold the speed 
constant in this way (See Fig. 4) until at 20,000 ft. he 
would flatten out and go off on his course, at a very 
much greater speed than he could have attained near 
the ground level and at possibly double the speed 
near the ground when the fine points of the case are all 
worked out. 

With an airplane having more than one power unit 
we must consider principally the case of the accidental 
stoppage of one or more engines. How serious this may 
be will depend mostly on the number of units employed. 
If the machine contains four units and one stops, the 
pilot will still have three-fourths of his total power left; 
if the machine has three units, he will have two-thirds 
of his power left; and if it has two units, he will have 
one-half his power left. This will be strictly true only 
if the machine has controllable-pitch propellers, for if 
the propellers are of the fixed-pitch type, the moment 
one unit stops a double loss occurs, since the airplane 
will then have one or more engines still going but with 
wrongly pitched propellers and one or more dead en- 
gines with stopped propellers, the blades of which will 
add very considerably to the total resistance of the 
airplane and thus further reduce the speed. 

Of course, the likelihood of engine stoppage increases 
rapidly with increase in power units, a fact that ex- 
plains the greater reliability of the two-engine airplane 
over one having a greater number of individual power 
units, assuming in each case that level flight can be 
maintained on one less unit than the total number. 
Thus, in the case of engine failure in one unit of multi- 
engine airplane not only will it have lost completely 
the power of one engine, but the power of the other 
engines will be reduced since the pitch of their pro- 
pellers will no longer be correct for the reduced air- 
speed. The live engines will slow down and be unable 
to develop their full power, while, moreover, the station- 
ary propeller on the dead engine will contribute a large 
item of parasitic resistance, 40 lb. in the case of a 9-ft. 
propeller at a speed of 60 m.p.h., to which we may 
assume the speed of the machine has been reduced by 
reason of one propeller being stopped. 

If, on the other hand, the ship js provided with con- 
trollable-pitch propellers and one engine stops, the 
pitch of the propeller on the live engine can be reduced, 
so that the engines can be run at their proper speed, for 
maximum power, and thus get a much increased thrust 
from these engines and propellers. The pitch of the 
propeller on the dead engine can be swung into a feath- 
ering position, in which the average attitude is one that 
is nearly edge-on, and thus the parasitic resistance can 
be reduced to the minimum. The quantity of fuel that 
would have to be jettisoned would be much less, depend- 
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ing on the stage of the journey, and the journey could 
be continued with only a small reduction of the obtain- 
able range, although the speed might be considerably de- 
creased. 

With heavily loaded airplanes, intending to make 
long-distance flights, and also with flying boats, which 
sometimes find it very difficult to attain the proper 
planing speed, the controllable-pitch propeller is very 
clearly indicated as a necessity. Several contemplated 
long-distance flights with both of these classes of air- 
planes have had to be abandoned, due to the inability 
of the machine to leave the ground. Assuming 45 m.p.h. 
as the take-off speed of an average case of this kind, 
we find that with a fixed-pitch propeller we could expect 
a thrust of 4.7 lb. per hp., whereas, with a controllable- 
pitch propeller, we could properly expect a thrust of 6.1 
Ib. per hp., or an increase of 30 per cent in the available 
power to get the aircraft off the ground. 

A tendency of growing importance is that toward 
the installation of a geared-down engine for cases 
in which the air-speed is moderate but the engine 
speed is high. The controllable-pitch propeller offers no 
special advantage for such cases, but designing con- 
trollable-pitch propellers to meet them is somewhat 
easier than it is for the high-speed direct-connected 
cases, since the centrifugal forces will be considerably 
less at the lower speed. In general, the efficiency of both 
the fixed-pitch type and the controllable-pitch type of 
propeller will be considerably improved, in such cases, 
owing to the increase in value of the ratio v/ND. 


The Problem of Design 


Designing and building controllable-pitch propellers 
is admittedly difficult, and had this not been so, they 
would have come into general use many years ago, since 
some, at least, of the advantages of controllable-pitch 
propellers were known as early as 1910, when the ques- 
tion appeared in aeronautic literature. The three chief 
difficulties that the designer encounters are (a) the ex- 
cessively high centrifugal force acting on the blades, 
an all-metal blade weighing 27 lb. will impose a cen- 
trifugal load of over 20 tons at the hub at 1900 r.p.m.; 
(b) the friction conditions obtaining with such a load 
and also those from the aerodynamic thrust loading, 
and (c) a control for altering the blade angles, which 
will neither be too slow nor too fast in its action and 
yet will allow the pilot to make the necessary settings 
with the minimum trouble and exertion. In addition 
to these, we have the following points to consider, and 
to meet: 

1) Low weight 

(2) Reliability 

(3) Freedom from wear 

(4) Operability at reasonable engine-speeds 

(5) Pitch-indicating devices 

(6) Independence of pitch-control mechanisms 

(7) Safety 

The weight of the design should be kept to the 
minimum. The advantages in performance, which the 
controllable-pitch propeller offers, will certainly offset 
a reasonable increase in the weight over the fixed-pitch 
type, but at the same time this increase must be so 
moderate that neither the pilot, nor the designer of the 
aircraft, will be prejudiced against the controllable- 
pitch propeller, as a type. In case of accident, sub- 
stituting a fixed-pitch propeller when another controlla- 
ble-pitch propeller is not available, without much altera- 
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tion in the trim and controllability of the airplane also 
should be possible. 

The mechanism controlling the pitch should be re- 
liable in its action at all times. In ordinary flying, par- 
ticularly under cruising conditions, the pilot will not 
need to alter the pitch, except occasionally. In taking 
off in a restricted space or with heavy load and in climb 
he may, however, have to make frequent changes until 
he settles down to his level-flight conditions, and the 
mechanism should always be ready to render the ser- 
vice that he will soon learn to expect. 

In a controllable-pitch propeller the wear due to the 
operation of the blades should be relatively small, since 
the pilot should only make pitch changes when definite 
changes in flight conditions are indicated as necessary 
by the performance data and by his own experience 
with the airplane in attempting to attain the best per- 
formance. The most serious source of wear would 
probably be blades having an inherent tendency. to 
flutter, since a flutter would cause alternating loads of 
high frequency. The designer should, therefore, at- 
tempt to eliminate this by designing the blades so that 
the torsional moment on them is constant in direction. 

The mechanism should be operable at reasonable en- 
gine-speeds, and, in general, this will usually mean easy 
operation when the number of revolutions per minute 
is low, and more difficult when it is high. From one 
point of view, arranging the control so that the pilot 
cannot get operation at an excessive engine-speed is a 
safety feature. For instance, when reducing the pitch 
angle, the pilot may over-speed his engine, inadvertent- 
ly, and then the pitch control should cease to function 
until the pilot realizes the mistake he is making and 
throttles down his engine until the permissible speed 
has been reached. With some types of controllable- 
pitch propeller the pitch control can be connected with 
the throttle, so that the pilot will automatically throttle 
when reducing pitch, but at all other times the throttle 
will be independent of the pitch control. 

A pitch-indicating device that will inform the pilot 
of the change in pitch that he is producing is usually 
possible and in general is desirable. While the tachome- 
ter gives information on this particular point, when the 
pilot is changing the pitch, provided he does not also 
change the engine speed at the same time, nevertheless 
he may not change the pitch for long periods, and he 
should know his pitch setting before making a change 
and during its accomplishment. 

In the case of engines that have failed, the pilot 
should know his pitch setting, and this he can do only 
when the pitch-indicating device is entirely independent 
of the engine and the tachometer. In controllable-pitch 
propellers that are capable of giving the blades on a 
dead engine a feathering position, this has special sig- 
nificance, for in this case, certainly, the pilot should 
know just what he is doing to the pitch angle. This he 
could only know by an entirely independent indicator. 

In nearly all the earlier forms of controllable-pitch 
propeller, the designer very naturally sought to extract 
a little power from the engine itself to change the blade 
angle, but practically all devices of this kind have been 
wanting in one or more essential features of a con- 
trollable-pitch propeller. Usually trouble has been ex- 
perienced from shock when such devices have been 
employed, and practically always, when a braking de- 
vice has been used, the action of the blade-control 
mechanism has been so rapid and at the same time so 
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uncertain that a fine setting of the desired angle has 
been hopeless or too lengthy in operation to be practi- 
cable. 

A control that is entirely independent of the engine 
has the very great advantage that it can be still used 
on a dead engine, if the mechanism permits, to turn 
the blades into a feathering position. If the engine has 
stopped from some minor trouble that can be corrected 
during flight, the: blades can be placed at an angle, say 
45 deg., which is most advantageous for recranking the 
engine during flight. 

The safety accessories that a controllable-pitch pro- 
peller should have is a question that is more or less 
open to discussion. Some engineers will hold, and per- 
haps properly, that the pitch control should be linked 
with the throttle control so that the pilot can never 
over-speed his engine. With limiting permissible en- 
gine-speeds, this is a device that can, and perhaps 
should, be employed with some types of controllable- 
pitch propeller, more for the sake of the engine than 
for the propeller. 

The only other accessory seems practically indi- 
cated is one for automatically limiting the range of the 
angle change and any chance of jamming the mechan- 
ism at its extreme limits of range or elsewhere. Some 
controllable-pitch propellers allow for this in the design 
and some do not. When they do, it is an undoubted 
foolproof feature of considerable value. 

That the strength should be adequate and with good 
factors of safety goes without saying, and yet the 
controllable-pitch propeller certainly presents a nice 
problem in keeping weight down while stepping 
strength up. This has always been one of the serious 
difficulties in obtaining a practical controllable-pitch 
propeller, but much can be done by a clever proportion- 
ing of parts, and more will be when systematic and 
considerable development occurs. 

Centrifugal loads are always high in airplane pro- 
pellers, and as they are in proportion to the square of 
the revolutions per minute, they are particularly high 
with modern engines that run at 1800 to 2400 r.p.m. An 
average 200-hp. engine with a 9-ft. all-metal propeller 
at 1800 r.p.m. will have a centrifugal load at the root of 
the blades of 35,000 to 40,000 lb., whereas the aerody- 
namic thrust load on one blade will probably be approxi- 
mately 300 to 350 lb., so the magnitude of these two 
loads is about in the proportion of 100 to 1. 

However, in the case of a controllable-pitch propeller, 


we have to deal with an articulated duralumin blade 
within a steel hub and the major part of the centrifugal 
load will be carried on the inner part of the hub, while 
the major stress, due to the aerodynamic thrust load, 
will come on the outer part of the hub. In the inner 
part of the hub the stresses per square inch due to the 
centrifugal load will run about five times as high as 
those due to the thrust-bending whereas, in the outer 
part the stresses due to the thrust load will be running 
about five times as much as those due to the centrifugal 
load, which is then only the centrifugal load of the outer 
part of the hub itself. This provides something of a 

problem in hub design. 

In general, the uniform engine-torque on the hub 
portion of a controllable-pitch propeller design will pro- 
duce stresses that are only about one-half those due to 
thrust-bending. We now have means of offsetting 
stresses due to thrust and torque and bending due- to 
centrifugal force, when this exists, as it does in some 
designs, in such a way that sections can be reduced 
and considerable weight be thus saved. 

Torsional force on the blade is difficult to calculate, 
for the velocity at which airplane propellers usually 
run. Adopting such blade sections and plan form as 
will insure the torsional force being unidirectional is 
advisable, since this is conducive to minimum flutter 
and long wear. 


Materials of Construction 


Unless the controllable-pitch propeller is made of 
some uniform material throughout, such as wood with 
steel bearings and reinforcements, the hub portion will 
almost certainly be of steel, due to the high tensile- 
strength values, 150,000 lb. per sq. in. and upward, that 
are now obtainable with correct heat-treatment. This 
material thus lends itself to compact design and light- 
ness and practically perfect fitting, without wear, on 
the engine shaft. 

Materials that can be used for blades are listed in 
Table 1, together with data on their weights in pounds 


per cubic foot and in relation to wood, which is taken 
as 3. 


TABLE 1—-WEIGHT DATA ON VARIOUS AIRPLANE-PROPELLER 
BLADE-MATERIALS 


Material Weight, Lb. per Cu. Ft. Relative Weight 
Wood* 42.0 1.000 
Micarta 85.6 2.040 
Duralumin 175.0 4.175 
Steel 490.0 11.650 





* American black walnut. 


Wood has been often used in the past for controllable- 
pitch propellers with various devices for (a) entering 
metal reinforcements within the blade which can also 
act as bearing members, or (b) clamping members that, 
being external to the wooden blade end and enclosed in 
a hub, severely compress the wood and also act as 
bearing members. The difficulty of making proper 
joints between wood and metal is the chief drawback 
of wooden blades. It has been successfully done, on 
both systems mentioned above, for moderate-speed en- 
gines, but neither would likely be successful for high- 
speed engines for which, in general, wooden propellers 
are not suited. 

Micarta might be suitable for geared-down engines 
and for high-speed propellers in the lower horsepowers. 
While it is attractive for controllable-pitch propellexs 
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on the questions of weight and centrifugal force, it has, 
however, not been very successful for large diameters 
and high speeds. The tendency toward duralumin 
blades in steel hubs has grown rapidly and, for the 
present at least, the controllable-pitch propeller is prac- 
tically constrained to follow along the same lines of 
development. 

Steel is not likely to displace duralumin for blades 
in the near future, although it might eventually. For 
very large propellers and certain types of design steel 
proves lighter than the corresponding duralumin blades. 
Some radically new ideas in steel construction will have 
to be developed, however, before this can be generally 
true in all sizes. 


History of Development 


A complete history of the various types of controlla- 
blé-pitch propeller cannot be attempted in this paper, 
but comments are given of those types that have re- 
ceived more than passing attention and development 
and differ in types of mechanism. 

As a type of mechanically controlled propeller, the 
original Hart propeller of 1920 with its subsequent 
development and modifications running over 9 years, 
probably affords the best example. The design is now 
generally known as the Wright Field and a very serious 
effort has been made by many minds to convert the 
original idea of Mr. Hart into a thoroughly practical 
controllable-pitch propeller. The original design had 
wooden blades, a later design micarta blades and the 
latest designs duralumin blades, a sequence of much 
interest on the general tendency of development. In 
the early types the weakest point was the small size of 
the ball bearings that had to be used, and an unde- 
sirable feature was the restricted range that the type 
of design compelled. In later designs, we understand 
these matters have been improved, but the present de- 
sign seems heavy and expensive to manufacture. The 
control is by a handwheel in the pilot’s cockpit, oper- 
ating through a series of shafts, gears, cams and levers. 

With mechanical devices employing brakes, the idea 
of the inventor has been to let a small fraction of the 
engine power turn the blades by mechanical brakes 
checking a certain portion of the mechanism and thus 
producing rotation of the blades about their axes 
through brake wheels and appropriate gears connected 
thereto. This is a very natural idea, and we have ex- 
amples in the early type Turnbull, the Paragon, the 
Sperry, the Curtiss-Moore and some others. Practical 
experience with this type has shown, however, that in 
some cases we have shock and other mechanical troubles 
and we also have a control that may be too uncertain 
in its results when the propeller is placed in the hands 
of the average pilot. The action of the mechanism is 
frequently too rapid and irregular, and the pilot must 
repeatedly advance and retard his pitch and lose con- 
siderable time in making the very small changes of 
usually only a degree or two, which are those most fre- 
quently required in the use of a controllable-pitch pro- 
peller. 

The best known example of this type of control is 
the Hele-Shaw Beacham, a product of two Eng- 
lish engineers, that was described at a meeting of 
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the Royal Aeronautical Society’ last year. A descrip- 
tion of the operation of this mechanism is too lengthy 
to be given here. In general the pitch of the blades is 
varied by a double-acting hydraulic piston operated by 
oil pressure from an adjustable-stroke pump driven by 
the engine. The stroke of the pump is in turn con- 
trolled by a governor, also driven by the engine, so 
that whatever the air conditions may be the pitch of 
the propeller sets itself so as to keep the engine running 
at a constant predetermined speed. 

While the speed at which the governor operates can 
be altered by the pilot, within certain limits, by a 
small control lever, we think that automatically run- 
ning at constant speed is wrong and that the wholly 
successful controllable-pitch propeller must leave the 
pilot free to adjust both the pitch and the speed to ob- 
tain best efficiency in the various conditions of flight. 

A question regarding the durability and reliability 
of the mechanism might be raised concerning the action 
of the running joint for transmitting the oil under high 
pressures and long service. Data on service operation 
are lacking but tests are now being carried on in Eng- 
land by the Air Ministry. As the weight shows an in- 
crease of about 80 per cent over a duralumin propeller 
of ordinary type’, this leaves much to be desired on 
that score. 

In the earliest type of the Turnbull electrically con- 
trolled propeller, which was developed in 1916, the con- 
struction was a composite one, with wooden boss and 
blades, bronze sleeves and ball-thrust washer incorpo- 
rated in the blades and a steel spindle incorporated in 
the boss. Control was by brake wheels and a gear train 
from these to a wormwheel segment on the blades and 
electromagnetic drag brakes. These brake wheels 
showed too much lag and had to be abandoned in favor 
of mechanical brakeshoes, which in turn were aban- 
doned since they introduced shock troubles and irregu- 
lar action. In June, 1923, after much experimenting 
with various types of control, an electric motor to be 
mounted on the end of the engine shaft, with gear- 
downs to the propeller blades, was adopted, and in 1927 
this type of controllable-pitch propeller was given vari- 
ous tests, at Camp Borden, Ont., and worked to the full 
satisfaction of the Army pilots. Seven different pilots 
handled the propeller and 32 flights were made, when 
the propeller was disassembled for inspection and found 
to be in good order. 

Realizing that the tendency in design was distinctly 
toward the all-metal propeller, the Curtiss Aeroplane 
& Motor Co. in 1928 took up the further development 
of the Turnbull propeller and has met with some very 
promising results. The propeller is now designed with 
a duralumin blade extending into a steel hub and with 
this construction a very rugged ball-thrust washer can 
be introduced to carry the high centrifugal load of the 
blades, while the design can be kept compact and light. 

To get fine adjustments of pitch angle and to enable 
a very small electric motor to handle the centrifugal 
and thrust loadings, reduction gears having a ratio of 
48,000 or 64,000 to 1 are used, which gives the pilot 
about the correct rate for blade-angle changes, 2 to 3 
sec. of time for 1 deg. of angle. Besides the really 
essential feature of slow and fine blade-angle adjust- 
ments and ready means of power transmission through 
brushes, the adoption of electricity lends itself to the 
introduction of any indicating and automatic safety 
devices that may be desired. Since, also, the control is 
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entirely independent of the engine operation, the blades 
of the propellers on a multi-engine aircraft can be 
swung into a feathering position on a dead engine, and, 
where desired for dirigible work, or the like, the pro- 
peller can be reversed while the engine rotation con- 
tinues to be unidirectional. 

An objection may be raised to the necessity of carry- 
ing a storage-battery, due to its weight of about 16 
Ib., but in aircraft that are likely to carry controllabie- 
pitch propellers such a battery is already carried for 
radio, lights and other uses and the power for the motor 
can be taken from it. In the first all-metal Turnbull 
propeller, the 200-hp. class at 1800 r.p.m., the weight 
of all rotating parts was 128 lb., but in the second de- 
sign of this class the weight had been reduced to 107 
Ib., and future designs probably will not run much over 
20 to 30 per cent greater than the weight of the corre- 
sponding fixed-pitch types. 

In the Turnbull type of propeller the range of the 
angle change is not limited and any desired range can 
be incorporated in the design. All requirements, as we 
now understand them, can be met by the Turnbull pro- 
peller. The tests on performance are in accordance 
with theory, and those on strength, endurance, wear 
and operation have been very satisfactory. 


Conclusion 


In the early days of aviation, the desirability of the 
controllable-pitch propeller was recognized, but with the 
advance in the art, desirability is rapidly changing to 
necessity since aeronautic engineers now realize that 
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they must have controllable-pitch propellers to develop 
the full capabilities of the airplane as an established 
means of transportation. 

If the added weight can be kept reasonably low, the 
great advantages in performance resulting from the 
use of a propeller that will give good efficiency at all 
conditions of flight and also allow the full power of an 
engine to be developed when most needed will offset 
many times the disadvantage of a heavier propeller. 

Greater efficiency of flight will effect a large saving 
in fuel and the use of controllable-pitch propellers will 
also result in longer engine life and avoid the necessity 
for frequent engine overhauls. On these heads the 
added cost of controllable-pitch propellers should be 
soon made up in a few hundred hours of operation. 

Considering the foregoing and in view of the special 
considerations previously mentioned, and which are 
coming more and more to the front, all the time, we 
must get the controllable-pitch propeller problem set- 
tled in a practical and satisfactory way and controllable- 
pitch propeller production seems essential. 

Of the various types of controllable-pitch propeller 
described, we very naturally feel that the type using 
electric-motor control has the most promise, especially 
as samples of this type have been successful, both in 
actual flight and in withstanding rigorous test-stand 
operation. 

Inevitably the next few years will see the extensive 
use of the controllable-pitch propeller on airplanes of 
many types and on practically all airplanes of certain 
types. 


THE DISCUSSION 


EDWARD P. WARNER’ :—One specially striking point, 
to me, in this paper is the gain in economy that results, 
when cruising at reduced speed, from a very marked 
increase of propeller pitch beyond the standard selected 
for maximum speed. I think I am correct in saying 
that this has not been very thoroughly investigated in 
flight tests heretofore, and although it may be an old 
story to the propeller experts, it is a point that has not 
been very generally appreciated either by aeronautic en- 
gineers or by operators of aircraft. 

Since, as a general rule, when we cut down the speed 
of flight of an airplane in level flight, we expect to cut 
down the engine speed for a moderate or high-speed 
airplane by something like the same proportion, we do 
not change v/ND or the slip ratio very greatly, and 
naturally the offhand assumption is that we will not 
want to change the pitch very greatly. Messrs. Wright 
and Turnbull have shown us to be entirely wrong if we 
have adopted that assumption. By increasing the pitch 
60 deg. they have effected a striking saving in fuel con- 
sumption. As far as I know, the first theoretical in- 
vestigation of the subject was carried out by Major 
Leslie MacDill when he was working on airplane de- 
sign about six years ago. It did not come as so much 
of a surprise to me as it would have if I had not been 
acquainted with Major MacDill at that time. The 
suggestion it gives is something else: the necessity of 
getting a rather elaborate automatic control for pro- 
pellers if they are literally under automatic conditions. 


7 M.S.A.E.—Editor, Aviation, New York City. 


The common assumption, which is certainly invalidated 
by the economy tests, has been that all we want of a 
variable-pitch propeller is that it should keep the engine 
speed constant for a given throttle-setting. That is 
obviously not so. Several propellers have been designed 
on that principle. They are simply governors and the 
blade angle varies in flight to keep the engine speed 
constant. That has possibilities. 

The idea of the designer of at least one of these 
automatic propellers, who, incidentally, is connected 
with one of the largest airplane manufacturing com- 
panies in England, has been that the propeller pitch 
will vary in the course of the maneuvering and the 
maneuvering power of the airplane will be considerably 
increased by a practically instantaneous variation, re- 
sponding to the air change in the fraction of a second 
and through an angle much wider than 5 deg. 


Controllable Automatic Adjustment Sought 


However, that does not tell the whole story; I cannot 
feel satisfied that the continuous variation embodied 
in the propeller is the final answer. I believe that con- 
siderable scope is allowed for the exercise of ingenuity 
by engineers in developing a follow-up control with 
which the pilot can set an indicator for the blade angle 
he wants and obtain it quickly without having to watch 
the indicator and exert any force or move a control 
through any considerable distance. I know of one such 
that has been designed and seems to have some promise. 
No difficulty should be experienced in securing a power 
drive on the propeller so the pilot can have an indicator 
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in front of him reading from 10 deg. astern to 40 deg. 
ahead, or for streamlining or feathering the propeller 
blade when the engine stops. He should be able to set 
the indicator to any point on the dial for the desired 
angle by the movement of a knob, and the propeller 
should set itself within 3 or 4 sec. instead of requiring 
a couple of minutes. Either electrical or mechanical 
drive may have some objectionable feature but we are 
seeking to find and overcome that. At the moment I 
should say that such a method is the ideal we are seek- 
ing to reach, and I hope the variable-pitch propeller 
people will work for an improved control. I am not 
entirely satisfied with any I have seen so far, although 
great progress has been made since Messrs. Caldwell 
and Wright began work at Wright Field about 10 years 
ago. 

THEODORE P. WRIGHT:—I am glad Mr. Warner 
brought out that point. An entirely automatic pitch- 
adjustment that maintains a constant engine-speed has 
certain very decided limitations, particularly in cruising 
speed and fuel economy, because as soon as the throttle 
opening is reduced with this type of propeller the speed 
is automatically retarded, which gives a low-pitch set- 
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ting, a very bad v/ND and very poor efficiency. An 
automatic adjustment probably would give very much 
poorer efficiency for cruising than would be obtained 
with a fixed-pitch propeller. 

I think, however, that the Hele-Shaw device has some 
means of meeting that objection by allowing the pilot to 
pick out the propeller speed he desires to obtain. In- 
directly he gets what Mr. Warner suggested; he does 
not select the pitch in feet but the revolutions per min- 
ute he wants and controls the adjustment to automatic- 
ally maintain the propeller speed. 

In choosing the propeller diameter, we probably use 
much larger diameters in controllable-pitch design than 
we select for full-throttle cruising, so as to meet the 
conditions at the lower speed, for which we need a larg- 
er diameter. For the climb and take-off conditions we 
also would need a larger diameter than is customary 
where we design mainly for top speed. 

Mr. Warner’s points are all well taken. We hope 
soon to complete additional fuel-economy tests to prove 
more substantially the gains of the controllable-pitch 
propeller as regards cruising efficiencies and fuel 
economy while cruising. 


Riding-Quality and Angular Car-Acceleration 


(Concluded from p. 363) 


sirable. Simce the angle turned by the gimbal-ring is a 
measure of angular velocity, suitable electrical contacts 
can be arranged to actuate counters each time the instru- 
ment reaches the desired angular-velocity value. When 
two or more cars are driven a considerable distance over 
similar roads, the integrating form of instrument should 
give results that can be used as an accurate comparison 
of total angular-velocity and acceleration. 

Side-Sway and Angle of Skid Determined by Instru- 
ment.—The tendency in automotive design is toward very 
soft springs to increase the ease of riding on pavement. 
This has introduced a tendency to unstable side-sway 
which should be investigated. The gyro-accelerometer 
furnishes a suitable means of measuring the angular ve- 
locity, angular acceleration and the total angle turned in 
this side-sway movement. In making tests of side-sway, 
the arrangement should be very similar to that for tests 
for longitudinal angle, except that the apparatus should 
be placed across the car at right angles to its former 
position and the bump should be on only one side of the car. 

The side-sway and angle-of-skid measurements can also 
be extended to the investigation of road level on highways 
and to track level on railroads. If the gyroscopic part of 
the instrument is attached to a test-car truck so as to be 
unaffected by the springs of the car but placed at such a 
position as to measure the lateral angle turned by the 
truck, we can obtain a record of track level under actual 
load and running conditions. In applying the instrument 
to the railroad truck, the movements of the gimbal-ring 
would be transferred to the recording portion of the in- 
strument by two sylphon chambers connected by flexible 
tubing and filled with light oil, one chamber operated by 
the gimbal-ring and the other operating the recorder. 
In this way the recording portion of the instrument can 
be placed in the car where it is accessible. 

As before described, the area between the angular-velocity 
and the zero lines is a measure of the angle turned by 
the instrument. The track being generally level except 
in those places, usually on one rail only, where settlement 


6 M.S.A.E.—Research engineer, Stromberg Motor Devices Co., 
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or compression of ballast allows one rail to settle, the in- 
strument will be turned through a lateral angle when the 
truck passes over these places. The gage of the track 
being constant, we have a constant radius to the angle 
measured. Thus the instrument can be calibrated to read 
in inches of circumference, which in our case is the same 
as the depression of one rail below the other. 

Many Other Uses for Instrument Employing Gyroscopic 
Principle-—The gyroscope has, in the revolving wheel, a 
reservoir of energy that can be used to actuate a re- 
cording pencil or other device without causing the large 
errors in the results due to friction found in some other 
forms of recorder. Also, with a motor-driven wheel the 
bearings can be comparatively large and the whole instru- 
ment of substantial construction. This suggests the use of 
the gyroscopic principle for very sensitive governing of 
slow-moving machinery. 


THE DISCUSSION 


F. C. Mocxk’:—Professor Fox’s method of indicating 
spring action appeals to me very favorably, because 
the predominating motion of a motor-car on its springs 
is that of pitching, one end going up while the other 
end goes down. One consideration of importance in 
this method of study is that, as illustrated in Fig. 4 
and subsequent illustrations of my paper on Elementary 
Dynamics of Vehicle Spring-Suspension’, a long body 
suspended on springs at each end has in general two 
possible modes of motion, which might otherwise be 
expressed by saying that it has two centers of oscilla- 
tion. At times in the swinging motion of a car this 
motion passes from one center of oscillation to the 
other, and if the recording device were mounted be- 
tween these centers the readings might be very difficult 
to analyze. These centers of oscillation are, in all cases 
that I have observed, ahead of a line dropped from 
the back to the front seat; so that setting the device 
on the rear floor should give a constant sign, plus or 
minus, for the same actual directions of acceleration. 
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Automotive Research 


Front-Axle Movements and Front-End Behavior 


N THIS paper, W. B. Barnes’ describes a device 

developed to give a graphical record of front- 
axle movements while the car is on the road. An 
analysis of these results reveals some startling 
facts concerning the amplitude and character of axle 
vibrations in various cars. When striking an obstruc- 
tion or during brake application the axle as a whole 
may rotate forward as much as 5 deg., giving a nega- 
tive value to the caster angle, which Mr. Barnes 
declares is utterly ruinous to any steering control. 


HE geometrical relationships of the front axle, 

wheel alignment, and steering have always been 

generally understood to be highly critical and of 
utmost importance in the realization of that prime es- 
sential of a satisfactory motor-car—front-end stability. 
We are unable to recall any paper presented on the 
subject in recent years before this Society wherein the 
author has not emphasized the full importance of these 
relations, with the enthusiastic support of those in- 
terested in the manufacture of wheel and axle aligning 
devices. 

True enough, the authorities have differed among 
themselves as to the exact numerical values of these re- 
lations, and we ourselves have changed our belief from 
time to time as to what certain angles and dimensions 
should be. A comparison of the engineering specifi- 
cations of the various car manufacturers on certain 
fundamentals that, apparently, should be similar, shows 
considerable diversity of opinion, presumably arrived 
at by careful experimentation on the part of each 
manufacturer; yet each is quite specific in drawing 
very narrow limits of permissible variation from his 
own set standard. 

For example, probably the most important single 
factor of front-wheel alignment, as far as front-end 
stability is concerned, is the caster angle, or steering- 
knuckle-pivot rake; and it seems to be generally con- 
ceded to be most critical. In one design with which 
we are very familiar, if this value is less than 1% deg., 
the car is prone to wander all over the road; and if it 
exceeds 2 deg., a very annoying low-speed shimmy may 
ensue. 

The necessity for such close adherence’to a standard, 
where the unavoidable variations of springs, frame and 
axle enter into the assembly, is expensive in manufac- 
turing if the standard is followed in the factory and 
expensive in service if it is not adhered to in manufac- 
turing. Such, however, seems to be a problem that is 
general among car manufacturers, and the fact that 
standards vary, although axle and wheel design is 
rather standardized, leads to the conclusion that the 
factors governing desirable caster angle are largely 
determined by considerations outside the design of the 
axle proper. 

From the progress report of the Front-Wheel-Align- 
ment Subcommittee, it is evident that no car can be 
depended upon to retain its original front-wheel align- 


: on a Research engineer, Auburn Automobile Co.. Auburn, 
nd. 


Furthermore, the instantaneous center of rotation may 
vary from a point near the level of the spring main- 
leaf to a point 4 or 5 in. above it. 

This paper was presented at the Chassis Conference 
at the Semi-Annual Meeting last June. The author 
supplements it with an explanation of the way in 
which certain of the principles developed in this re- 
search have been embodied in the design of the front- 


drive car announced by his organization since the 
presentation of the paper. 


ment through any considerable period of use on the 
road. A fact that is less obvious, however, is that 
front axles undergo a continuous succession of mo- 
mentary rotary deflections of a magnitude sufficient to 
cause serious consideration by anyone who is aware of 
them. As a matter of fact, with a conventional design, 
the “standard” caster angle is but a point somewhere 
near the center of a zone through which the actual 
caster angle is continually oscillating, and of a magni- 


tude several times the closely drawn “permissible” 
limits. 


Device Developed for Indicating Axle Motion 


Acting upon a suspicion that the caster angle is 
continuously changing, a device was developed which 
graphically shows, not only the instantaneous angular 
position of the front axle about an axis parallel to its 
own length, but also the instantaneous center of the ro- 
tation with the car actually in motion along the road. 

This device is essentially comparatively simple. Re- 
ferring to Fig. 1, bar A B is fixed to the axle near the 
steering-knuckle pivot. At a point immediately in front 
of the front-spring bolt is a hinge-pin, #, on which are 
hinged two arms, C E, D E, bearing pencils at their 
outer ends. A and C and likewise B and D are con- 
nected by means of tension members, thus forming a 
parallelogram. Obviously, with this arrangement, mo- 
tions of the front axle that contain no rotary compo- 
nent will make no mark upon the indicator cards be- 
neath the pencils at C and D, but a rotation of the axle 





Fic. 1—DIAGRAM OF GEOMETRIC PRINCIPLES INVOLVED IN 
FRONT-AXLE ROTARY-MOVEMENT INDICATOR 

A BC D Forms a Paralellogram. C E and D E Are Arms of 

Equal Length, Hinged at B#, and Bearing Pencils at C and D 


Move only When the Motion of the I-Beam Contains a Rotary 
Component 
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will move C and D proportionately to their respective 
distances from the instantaneous center of rotation. 
The addition of a moving chart to this arrangement 
completes the essentials necessary to graphical analysis 
of rotatory vibration of the front axle. 

In actual practice the location of the apparatus has 
been modified somewhat, as indicated in Fig. 2, but the 
geometrical principles involved are unchanged. With 
the arrangement actually used in practice, we are able 
to obtain a number of readings simultaneously, which 
is of great assistance in analytical work of this nature. 

The interpretation of these records is carried out in 
a simple graphical manner. Referring to Fig. 3, on 
each curve a line is drawn normal to the base line of 
the curve and of a length equal to the height of the 
curve at that point, these lines being exactly 12 in. 
apart, which is the actual distance between the pen- 
cils on the indicating machine. Diagonals drawn be- 
tween the extremes of these lines intersect at an angie 
equal to the amount the caster angle varies from stand- 
ard at that instant, and the distance of this intersec- 
tion from either end of this diagram indicates the 
vertical height of the instantaneous center of rotation, 
which may easily be referred back to distance above 
or below any chosen reference point on the axle, such 
as spring main-leaf. 


Surprising Facts Shown by Investigation 


We have investigated a number of American cars 
under identical driving conditions, both as to speed and 
the obstructions over which they were driven, observ- 
ing the amount of rocking of the I-beam at both steer- 
ing-knuckle pivots and spring perches, the oscillation 
of the steering-knuckles about their respective pivots 
and the horizontal movement at the rear end of the 
steering-gear connecting-rod, and find, in general, the 
following interesting and somewhat surprising facts: 

(1) The axle as a whole may rotate forward as much 

as 5 deg. This may occur during brake applica- 





Fic. 2—RECORDING AXLE-MOVEMENT INDICATOR MOUNTED ON A CAR 


The Recording Apparatus Is Connected To Indicate the Movements at the Right and 
Left Steering-Knuckle Pivots and at the Right and Left Spring Perches 





tion, when the axle may remain deflected for 
several seconds, or it may occur upon striking 
an obstruction, when its deflection is, of course, 
momentary. 


In any event, during this period we have an actual 
negative value for the caster angle, which is utterly 
ruinous to any steering control. This may account for 
certain otherwise unaccountable “wandering” of some 
cars under severe deceleration. That they do not wan- 
der more is probably due to the stabilizing action of 
the greatly augmented friction at the steering-knuckle- 
pivot bearings caused by the braking torque. How- 
ever, this beneficial friction does not exist under the 
conditions of the momentary deflection, and the fact 
that many cars are very unstable after striking ob- 
structions or depressions may be accounted for in this 
way. 

(2) The height of the instantaneous center of rota- 
tion may vary from a point near the level of 
the spring main-leaf to a point 4 or 5 in. above 
it. The rule seems to be that, as long as 
the reaction of the axle has no vertical com- 
ponents, the center remains low. In other 
words, during braking on a smooth pavement, 
the center of rotation is generally about the 
spring main-leaf. Striking an obstruction or 
depression, however, raises the instantaneous 
center of rotation. 

This is rather disconcerting, when it is remembered 
that the center of the front ball-and-socket joint of the 
steering-gear connecting-rod should be on this center, 
if we are to have steering motions only when the steer- 
ing-gear is turned, as is highly desirable. This rising 
and falling characteristic of the instantaneous center 
of rotation is very unfortunate, since the ball-and- 
socket joint cannot follow the aforesaid center up and 
down. The designer must, perforce, make a guess as 
to how high it should be most of the time and leave it 
there. Since braking reactions are most easily segre- 
gated out, the joint is generally ex- 
perimentally located so as not to 
steer the car into the curb when the 
brakes are applied; if the car takes 
to the cornfield when a chuck-hole is 
struck, the springs, shock-absorbers 
or steering-gear are adjudged at 
fault and heavy experimentation is 
started along those lines. 


(3) In going over any kind of 
obstruction or depression, 
both front wheels have a 
strong tendency to momen- 
tarily shimmy through a 
total angle that may be as 
high as 12 or 13 deg., even 
with all play removed from 
the steering connections. 
This movement is not, generally, 
the same on both sides, the tendency 
being for the right wheel to have 
the greater movement, sometimes 
two or three times that of the left 
wheel. This may safely be attrib- 
uted to the fact that the left wheel, 
being the more directly connected to 
the steering-gear, is restrained by 
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Fic. 8—SAMPLE INDICATOR CHART SHOWING GRAPHICAL 
ANALYSIS To DETERMINE ANGULAR DEFLECTION AND IN- 
STANTANEOUS CENTER OF ROTATION 
The Four Pairs of Curves Indicate, from Left to Right, Motions 
at the Right Steering-Knuckle Pivot, the Right Spring Perch, the 
Left Spring Perch, and the Left Steering-Knuckle Pivot 


the latter and the additional movement of the right 
wheel is permitted by flexibility in the axle, tie-rod, 
steering-arms, and connections, which flexibility should, 
of course, be a minimum. Lack of rigidity in these 





Fic. 4—FRONT OF NEWLY-DESIGNED FRONT-DRIVE CHASSIS, 
SHOWING FRONT-SPRING DESIGN TO ASSURE AXLE STABILITY 


parts is undoubtedly responsible, together with the 
forces which bring about shimmy either momentary or 
sustained, for the continual shifting of the toe-in over a 
number of miles of normal service with the average car. 
(4) Indications are that a universal tendency exists 
for the motions mentioned in (3) to transmit, 
with some diminution, to the rear end of the 
steering-gear connecting-rod. 

That these motions do transmit, diminished, is evi- 
dence of flexibility in the steering-arms and in the 
steering-gear connecting-rod itself. That there is any 
motion whatever at the rear end of the rod is evidence 
either of flexibility in the steering-gear proper or of 
wheel fighting, due to motions transmitting on through 
the steering-gear. In any event, oscillatory motion 
either at steering-knuckles or steering-wheel is highly 
undesirable. How best to eliminate both is a problem 
for very serious consideration and extended research 
work. The introduction of flexible elements in the 
front axle and its connections has been resorted to by 
some designers recently to minimize wheel fight, but I 
have yet to see a car so arranged in which wheel fight 
was completely eliminated, and such arrangements most 
assuredly jeopardize roadability by permitting some 
wandering. 


Caster Angle Not Critical if Held Constant 


As a result of these comparatively incomplete inves- 
tigations, the conclusion follows that the caster angle, 
if held constant, is not particularly critical. The rea- 
son for this apparently highly critical requirement in 
conventional designs probably is the troublesome ex- 
treme angles of oscillation, of which the so-called caster 
angle is but the mid-point. It is conceivable that, in 
a correctly worked-out design, a leeway of 1 deg., plus 
or minus, in caster angle may be permissible, with at- 
tendant benefits to manufacture and service. 

Some of the difficulties encountered along these lines 
can be diminished by certain modifications of existing 
conventional designs; all of them can be eliminated by 
certain departures from convention that are logically 
pointed out by careful analysis of the situation. How- 
ever, such procedure will suggest itself to the designer; 
and, being beyond the scope of this paper, no effort is 
made to suggest the designer’s course. 
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In conclusion, I believe that beyond question the 
most profitable field for automotive research is that 
relating to the problems of the front end. Unquestion- 
ably ease of handling and a sense of security are among 
the most desirable attributes of any automobile, and 
vet few cars are on the market that do not leave a great 
deal to be desired in this respect. As far as design 
features influence the sale of cars, those manufacturers 
whose engineers concentrate on this subject will go 
farthest in the next few years. 


ADDENDUM 


Since this paper was originally presented, the an- 
nouncement of a new car permits discussion of the way 
in which certain of the foregoing principles have been 
embodied in a design. This being a front-drive car, 
its designers from the first recognized that careful at- 
tention to front-end stability was essential if compli- 
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cations of a serious nature were to be avoided. The 
parallel quarter-elliptic front-spring construction 
shown in Fig. 4 assures a front axle free from rotatory 
vibrations. With this construction, the front end is 
free from wandering and shimmy tendencies over a 
comparatively wide range of caster adjustments. As 
a matter of fact, production limits for caster angle on 
this car are minus 1% deg. to plus 4% deg. These ad- 
justments are made by means of an arrangement, not 
shown in the illustration, whereby an adjusting screw 
slides the rear end of the lower spring backward or 
forward; and experience proves that the caster angles 
with this particular construction remain constant over 
thousands of miles of hard driving. It will be noted 
also that the steering-gear connecting-rod is normally 
parallel to the front springs, which gives a minimum 
of horizontal component to the movement of the rod 
due to rough roads. 


Standardization Activities 


New Small Tapered Shaft-End 
fw present S.A.E. Specification on 


and Mr. 


Shaft-Ends and Hubs for aircraft 
engines provides a series of splined the adoption of 
shafts and two sizes of the tapered 
type. to remedy this condition. 


At the Standards Session of the Aero 
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PROPELLER SHAFT-END—PROPOSED No. 0 SIZE 


in the taper and the size of the skaft, 
requested that the 
Aircraft-Engine Division of the Stand- 
ards Committee give consideration to 


Caldwell 


shaft-end to be known as S.A.E. No. 0 


The accompanying illustration gives 


‘ if 
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they were identical, this matter is also 
being investigated by the Division. 
The series of splined shaft-ends most 
probably will be augmented by the ad- 
dition of a shaft, to be known as S.A.E. 
No. 50, similar in size to that now in 
use on the Hornet geared engines, as 
Gustaf Carvelli, of the Curtiss Aero 
plane & Motor Co., brought out at this 


standard tapered 


-Langle) same meeting that a definite need ex- 
en I ists for shaft-ends of this larger size. 
L875" Error in Bumper Mounting 


Specifications 


Y; rT’HE revision of the S.A.E. Standard 
: on Passenger-Car Bumpers, printed 


— on p. 39 of the 1929 Supplement to the 


HANDBOOK, omits a paragraph approved 
by the Standards Committee. 

The sixth paragraph of these speci- 
fications giving the method of measur- 
ing the bumper height should be omitted 

















nautic Meeting in Cleveland on Monday, 
Aug. 26, F. W. Caldwell, of the Stand- 
ard Steel Propeller Co., called attention 
to the fact that there are now in exis- 
tence approximately 30 different tapered 
shaft-ends smaller than the S.A.E. No. 
1. These shaft-ends are substantially 
the same except for slight variations 


the proposed dimensions of the No. 0 
tapered shaft-end as submitted by Mr. 
Caldwell for the consideration of the 
Division. He also stated that the pres- 
ent S.A.E. No. 1 was not identical with 
the shaft used on the OX-5 engine. As 
the understanding at the time of the 
adoption of this shaft-end was that 


as now published and the following 
paragraph inserted in its stead: 

The bumper heights specified shall be 
the mean determined from no-load and full- 
load position with the car carrying the full 
amount of gasoline, oil and water. 

This correction will be made in the 
1930 edition of the HANDBOOK. 


Production Engineering 


HAIN drives have 

been developed 
during the present 
generation into a 
practicable means for 
transmitting power in 
industry. Previous 
generations began the 
development of gearing and belting, the 
use of which has become established. 
Ample time has been afforded to study 
their capabilities and limitations and to 
treat of them in textbooks and hand- 
books that have given to whole new 
generations of young engineers a 
chance to profit by the experience of 
the past. 

Chain drives actually date back 
much more than one generation, but 
it was only after the invention of the 
so-called silent type of chain and its 
early development, 15 or 20 years ago, 
that chain drives became available for 
any general power-transmission uses. 
Since then the organizations of the 
several manufacturers of chains have 
accumulated a large amount of expe- 
rience in the application of chain 
drives, and much of this has been em- 
bodied in their handbooks and cata- 
logs, but a greater familiarity with 
chain drives would be useful to many 
production engineers. 


Link Chains and Roller Chains 


Chains are in great variety, begin- 
ning with rough-cast malleable-iron 
link-chain and ending with the highly 
accurate heat-treated steel _ roller- 
chains that are most familiar on mo- 
torcycles and heavy motor-trucks. 
Most of these find their field of great- 
est usefulness under some special con- 
ditions, as in service in which the finer 
and more intricate structure of a si- 
lent chain would be destroyed by grit 
or otherwise; in which the chain speed 
is necessarily slow, as in conveyors; 
or in which the use is so occasional 
that the first cost must be kept low. 

Chains of the various classes in this 
group are used extensively in mining 
and agricultural machinery and have 
important uses in industrial machin- 
ery, especially if a slow-speed positive 
drive is wanted between points too far 
separated to be suitable for the use of 
gearing. Many of them can be fitted 
with standard attachments that make 
them available for use as conveyors 
under a great variety of conditions. 
Familiarity with them may be useful 
at any time to the designer of special 
machinery; for instance, they are use- 
ful in transferring an article from one 





Production Chain-Drives 


Field and Advantages of Silent-Chain Drives Out- 
lined, with Hints for Their Application 


station to another, or if an operating 
crank is wanted in a position remote 
from the shaft to be turned. 

Multiple roller-chains have been de- 
veloped by one or two manufacturers 
for general power-transmission, as 
from motors to lineshafts or machines. 
They are now made in smaller pitches 
that are suitable for high speeds and 
are claimed to be more economical than 
silent-chain drives, but manufacturers 
who make both roller and silent chains 
are inclined to recommend the silent 
chain for all high-speed drives. When 
a speed reduction is needed that is 
greater than can be obtained conve- 
niently in one drive, the use of a silent 
chain for the first reduction and a rol- 
ler chain for. the second reduction 
often is advisable. 


Advantages of Silent-Chain Drives 


The _ silent-chain drive has been 
found to fill a great need in power 
transmission, because it furnishes a 
positive drive that is much more com- 
pact than a belt drive and much more 
flexible than a gear drive. The com- 
pactness makes it available in individ- 
ual drives from motors to machine- 
tools with little or no additional floor 
space required for the motor. Motors 
can often be mounted directly on the 
tool, to make a self-contained unit that 
can be moved about and placed as re- 
quired for convenience in manufactur- 
ing, without reference to anything like 
a lineshaft. 

The positive drive obtained with a 
chain results in a decided increase in 
the output of machine-tools, as com- 
pared with belt drive, under ordinary 
conditions. It would seem to be easy 
to make allowances for the slippage 
that occurs with a belt drive, but belt 
tension varies so much with atmo- 
spheric conditions and with the fre- 
quency and skill of adjustment that a 
falling off in production from the cal- 
culated amount is frequently observed. 

Many chain drives have been sold on 
the basis of the large variations in 
the speed of identical machines be- 
cause of belt slippage, which is clearly 
shown by a chain-drive salesman who 
carries a tachometer for the purpose. 

When the positive drive of the chain 
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is not desired because 
of possible breakage 
of the tool or machine 
in case of accident, a 
shearing-pin sprocket 
is a simple device that 
is used for making the 
drive safe without 
sacrificing the advantages of the posi- 
tive and compact drive. 


Types of Silent-Chain Joint 


Nearly all chains of other types 
have joints that are alike, but it is not 
so with silent chains. The life of a si- 
lent chain normally depends on the life 
of the joint, and no end of ingenious 
thought and experiment have been de- 
voted to the invention and develop- 
ment of types of joint that can be 
manufactured with the required de- 
gree of accuracy and economy and that 
will give the chain durability and free- 
dom from objectionable noise. 

Silent-chain joints can be divided 
into two classes, according to whether 
they have sliding action, like a plain 
journal bearing, or contain two mem- 
bers that rock on each other. These 
classes can be subdivided further, as 
no two makes of chain are exactly 
alike in the joint, and some of the si- 
lent-chain manufacturers make more 
than one type of joint. Nor are these 
differences inconsequential; they have 
a pronounced effect upon the life of 
the chain and the satisfaction with 


which it will operate under various 
conditions. 


Vibration Absorbed by Elasticity 


Considering the higher-speed drives, 
the vibration imparted to the chain by 
the polygonal nature of the sprocket 
is so rapid at and above some definite 
speed that the chain will not respond 
throughout its full length, because of 
inertia. The result is a slight wave- 
motion of the chain, and the variation 
in lengthwise speed must be absorbed 
by the elasticity of the elements of 
the chain and of the oil-films in the 
joints. These irregularities provide 
many of the problems of the chain en- 
gineer. If they could be eliminated, 
chains no doubt would be more durable 
and more quiet. In view of this ir- 
regular action, it is hard to see how 
chain driving can be as smooth and 
quiet as it is, but many examples ex- 
ist of chain drives that have produced 
smoother results than the best gear 
drives that were available, in spite of 
the fact that gear teeth are designed 
to transmit motion at a uniform veloc- 
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ity. One example of this has been the 
use of chains in driving the work in 
a grinding-machine, resulting in a 
more uniform ground surface than 
with gear drives. 


Silent-Chain Sprocket-Contact 


Most silent chains make contact with 
the sprocket only at the outer faces of 
the individual links or plates. The in- 
cluded angle of the link, ordinarily 60 
deg., determines the shape of the 
sprocket teeth, which have straight 
working-faces, with the inner faces of 
two alternate teeth having also an in- 
cluded angle of 60 deg. The result is 
that the angle between opposite sides 
of a single tooth varies according to 
the number of teeth. The sides of the 
limiting 12-tooth sprocket are parallel, 
and the angle increases as the number 
of teeth is increased. Incidentally, a 
sprocket with so few as 12 teeth is 
virtually never used with a silent 
chain. 

Industrial chains of one make usual- 
ly are made to contact with the 
sprocket only at the trailing end of the 
link. The contact of the trailing outer 
face is the same as with chains of 
other types, but the leading end is kept 
from the sprocket by the trailing end 
of the next link ahead, which is made 
large enough at its inner face to pro- 
ject beyond the face of the trailing 
link and make contact with the sprock- 
et. Other special arrangements of 
contact between chain and _ sprocket 
have been used, particularly in auto- 
mobile front-end-drive chains, but not 
extensively in industry. Nothing in 
the differences described would inter- 
fere with standardization of industrial- 
chain sprockets, which is very desira- 
ble. 

It is best, wherever possible, to use 
an odd number of teeth in the smaller 
silent-chain sprockets, because each 
pitch of chain makes contact with only 
one-half of the face of the sprocket, 
and the next pitch makes contact with 
the other half. If the chain has an 
even number of links, as is customary 
and advisable in industrial chains, and 
the sprocket has an even number of 
teeth, all of the wear will be sustained 
by one-half of the face of each tooth. 


Standardization of Industrial 
Silent Chains 


Several years ago the Society made 
an attempt to standardize chains and 
sprockets of both the roller and the si- 
lent types. This movement was very 
successful in connection with roller 
chains. I believe that all American rol- 
ler-chain manufacturers make chains 
that conform to the standards for rol- 
ler diameter, width and pitch, so that 
the chains are interchangeable on the 
sprockets; and there is a considerable 
degree of conformity of chain parts so 
that links, pins, bushings and rollers 
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of two or three different 
chain can be interchanged. 

No such standardization was agreed 
upon for silent chains, however, and 
it is unlikely that anything of the sort 
will be agreed upon unless a demand 
for it is expressed by large users of 
chains. It might be of great benefit to 
the user in case of emergency, or if it 
is desired for any reason to change 
his source of supply for chains, to be 
able to apply a chain of any make to 
the sprockets he has. Silent chains for 
front-end drives of nearly all automo- 
biles on which chains are 
used are made by several 
manufacturers for replace- 
ment purposes. These chains 
are not all truly _inter- 
changeable, but the maker 
of the replacement chain 
finds some way to produce 


makes of 





of the other, the first chain will no 
more operate on a sprocket made for 
the second chain than it would if the 
pitch were too short. The variation in 
this dimension between different makes 
of chain is not great, but it is enough 
to cause chain breakage in case of im- 
proper substitution. 

It seems entirely possible that stand- 
ardization could be effected on the bas- 
is of the largest tangency circle in 
each pitch. If all new sprockets were 
made on this basis, a chain of any 
make would operate on them and no 
chain maker would _ be 
obliged to make immediate 
changes in his chains to 
make them interchangeable 
on standard sprockets. To 
determine the practicability 
of such a proposal would in- 
volve comparison of the tan- 


a chain that will operate F 4 gency circles of chains of 
fairly well on the original \ Cs a/ the various makes in each 
sprockets. \ y pitch, to ascertain what the 

Standardization sufficient \ FF variation is. Consideration 


to allow interchangeability 
of chains would involve the 
following three dimensions 
of the chain link, as indi- 74% 
cated in Fig. 1: 

(1) The pitch A must be 
uniform, at least with a def- 
inite minimum. If the pitch 
is too short for the sprocket, 
the chain cannot seat prop- ~ 
erly and is liable to be "U7 o 4 
broken. If the pitch is 
longer than standard, the 
excess has the same effect as a certain 
amount of wear of the chain joint but 
does not prevent use of the chain on a 
standard sprocket. 

(2) Included angle B, between the 
outer faces of the link, should be the 
same in all chains. Nearly all indus- 
trial chains made during the last sev- 
eral years have had an included angle 
of 60 deg., although some of the earlier 
chains of one make had a larger an- 
gle, and the sprocket teeth of another 
make have been made unsymmetrical 
in the distant past. 

(3) Tangency circle C 
standardized. This seems to present 
the chief difficulty. Apparently this 
dimension has been determined by each 
chain manufacturer without reference 
to the corresponding dimensions of 
other chains; and no manufacturer 
contemplates with favor a change that 
will upset his production and endanger 
the interchangeability of his chain on 
sprockets of his own manufacture that 
are in service. 


gency 
Cause 


needs to be 


A Possible Basis for Standardization 


The tangency circle is not easy for 
the customer to measure, and perhaps 
relatively few chain users are aware 
of the variation and its importance. 
Two chains may seem to have the 
same link dimensions; but, if the tan- 
gency circle of one is larger than that 


Fic. 1 — FUNDAMEN- 
DIMENSIONS OF 
A SILENT-CHAIN A 
LINK 
Differences 
Circle C May 
Breakage if a 
Chain of One Make Is 
Sprocket of 
Another Make 


must be given, in such a 
comparison, to the shifting 
of the point of pivoting that 
occurs in rocking joints. 
limited study of this 
sort would be worth the 
while of any large user of 
. chains who is interested in 
interchangeability for his 
own service, as almost any 
chain can safely be applied 
to a sprocket made for a 
chain having an equal or 
slightly larger tangercy circle, while 
chain breakage is likely to result from 
attempting to apply a chain on a 
sprocket cut for a chain having a 
smaller tangency circle. 
Standardization of these three items, 
with certain details of guide grooves 
specified, would be sufficient to as- 
sure interchangeability of center-guide 


in Tan- 


chains. Widths of sprockets would 
need to be standardized for _ inter- 
changeability of side-guide chains. 


Probably neither of these items would 
present serious difficulty. 


Intra-Plant Standardization 


Regardless of standardization in the 
broader sense, the drives in an individ- 
ual plant can be standardized to great 
advantage. This does not mean m:re- 
ly to adopt one make of chain, but to 
analyze the needs of the plant and de- 
sign the fewest possible drives neces- 
sary to meet those needs. In many 
textile plants and in some automotive 
plants a large number of duplicate 
drives are used. 

In one plant, where group drives are 
employed for machine-tools, chain 
drives have been standardized for the 
lineshafts. All motors and lineshafts 
affected run at the same speed, so the 
numbers of teeth in the sprockets and 
the center distances of the drives 
are standardized. The only difference 
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necessary for drives of various horse- 
power is in the width. As a result, 
when a drive is taken down because 
of some change in the plant layout, it 
is readily available for service else- 
where. Spare chains, sprockets and 
casings can readily be carried in stock, 
available for either replacements or 
new drives. 

In cases where it is necessary to 
make variations in the speed ratios, it 
sometimes is possible in a single plant 
to adhere generally to a_ standard 
chain-speed for each pitch of chain. 
The advantage of this is that all the 
pinions of this pitch on motors of the 
same speed will have the same number 
of teeth, and all the driven sprockets 
for the same speed of shaft rotation 
also will have the same number of 
teeth. This reduces the number of 
sprocket sizes needed and systematizes 
the chain drives so that a _ sprocket 
which is laid aside because of factory 
changes is almost sure to be useful 
again. 

Such standardization at least partly 
overcomes any objection to chain drives 
on the ground that they are not so 
commonly used and the parts are not 
so readily convertible to other uses as 
are belts and pulleys. 


Selection of Type of Chain 


Obviously, anyone who is not in the 
employment of a chain company can- 
not recommend one type of chain to 
the exclusion of all others. Each type 
has its advantages and disadvantages; 
if either the rocking joint or the slid- 
ing joint possessed all of the advan- 
tages and none of the disadvantages, 
it is not likely that two of the more 
prominent makers of chain drives 
would each have been producing chains 
of the two widely different types. Per- 
haps the best assistance I can give to- 
ward reaching a decision as to which 
type of chain to select is to outline 
what seem to be considerations that 
should govern. 

The sliding type of joint seems to 
be more advantageous for use where 
the lubrication will be ample. No chain 
should be operated without lubrication, 
but many drives have given satisfac- 
tion under conditions of lubrication 
that are far from ideal. Several years 
ago, nearly all automobile front-end 
chain-drives were made with rocker- 
joint chains. These drives are given 
continuous lubrication from the oil- 
circulating system of the engine, and 
it is notable that joints of sliding types 
are being used much more than for- 
merly in this service. One of the lead- 
ing makers of chains with sliding-type 
joints has given much attention to the 
encasing and lubrication of industrial 
drives, and this is doubtless a large 
factor in its success. 

With exceptionally high chain-speed, 
especially if the chain length is short 
and the sprockets are small, friction 
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in the joints of the chain can produce 
an appreciable amount of heat. The 
rocking type of joint undoubtedly has 
less friction, and its use can be ex- 
tended a little further in extreme 
cases. These considerations should be 
weighed in deciding between the two 
types of joint for a given application. 


Wear Test Helps in Selection 


Consideration should also be given to 
the accuracy of the chains as manu- 
factured and to the durability, as de- 
termined either by wear tests or by a 
comparison of the joint construction. 
In selecting a chain for equipment on 
a number of machines, wear tests can 
be conducted on the actual machines or 
on a simple testing apparatus in which 
several chains may be driven in tan- 
dem over small sprockets of equal size, 
the power being transmitted from a 
motor through the several drives under 
test to a fan-brake, a generator or 
some useful load. The various chains 
should be removed at regular intervals 
during the test and measured by con- 
necting them over two sprockets that 
are kept for the purpose, the amount 
of wear being determined by the in- 
crease in center distance between 
sprockets. During a running-in period 
of 50 to 100 hr., the wear in some of 
the chains will seem to be excessive, 
and the tests to determine the rate of 
wear should be started only after this 
excessive-initial-wear period has been 
passed. Lubrication conditions for such 
a test should be as nearly as possible 
such as can be reproduced in service. 

One important consideration in re- 
gard to chain wear that is not readily 
apparent is that some chain joints 
wear at points other than those at 
which the articulation is planned. 
Bushings and pins that are not pressed 
into place, so that there can be no rela- 
tive motion between the joint member 
and the link, often wear so much that 
more of the elongation in the joint 
occurs at these points than at the 
points where sliding or rocking is de- 
signed to occur. In such cases, wear 
probably is greater in the hole in the 
link than it is on the back of the bush- 
ing or pin, since the link is not hard- 
ened. Undoubtedly the impact between 
chain teeth and sprockets and the vi- 
bration of the chain due to the polyg- 
onal nature of the sprocket are the 
chief causes of this wear. Another 
cause in some chains may be that, as 
the chain leaves the sprocket and be- 
comes straight, the construction of the 
joint prevents it from bending back- 
ward. In acting thus as a stop to the 
motion, the pins of the joint tend to 
move in the link. 

After all, one of the chief consider- 
ations for the ordinary user of indus- 
trial chains is the service he can get 
from the manufacturer, at the place 
where the chains are to be used. The 
ability of the local sales engineer and 
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the distances from the factory and 
from a place where replacement chains 
of the particular sizes used can be ob- 
tained are important factors. Other 
important considerations are the ser- 
vice that can be obtained in regard to 
chain cases and the provision for lu- 
brication of the drives. 


Chain Pitch Speed and Power 


The pitch and width of chain for 
the ordinary industrial drive can be 
selected with almost identical results 
by the sales engineer of any one of the 
leading chain companies or by a pro- 
duction engineer who will follow care- 
fully the instructions given in the 
various chain catalogs. If the main 
consideration in the drive is quiet and 
smooth running, it is best to select a 
chain having a pitch as short as is 
practicable; but a chain of longer pitch 
and narrower width will transmit the 
same power at lower cost, under ordi- 
nary conditions. In general, the pitch 
is determined by the number of revolu- 
tions per minute of the driver or the 
driven sprocket, whichever has the 
higher speed, and a sufficient width 
should be selected to transmit the pow- 
er within the limits of pull recom- 
mended by the makers. 

Experiments have shown that a 
given chain will stand higher speed in 
feet per minute on large sprockets than 
on small ones. It may not be safe to 
go too far in this direction, because 
unreasonably high chain-speed reduces 
the period of cooling between the times 
at which heat is imparted to the indi- 
vidual links of the chain by the fric- 
tion of the joint in bending and by the 
impact between the chain and the 
sprocket. This suggests that a long 
chain that is well cooled, either by air 
or by copious lubrication, can run fast- 
er than a short one that is tightly en- 
cased and only occasionally lubricated. 


Lubrication Not To Be Overlooked 


Good provision for lubrication is im- 
portant, and may often contribute 
enough to spell the difference between 
an unsatisfactory drive and a highly 
satisfactory one. Oil-cups of various 
types feeding inside the chain are good 
if they receive proper attention. Good 
lubrication can be secured in the ordi- 
nary lineshaft drive from a cup of the 
spring-lid type with a short pipe dis- 
charging oil through one or more small 
holes inside the chain. This cup should 
be filled with oil of approximately the 
consistency of 600W steam-cylinder oil, 
once or twice per week, while the chain 
is running. The oil will be well dis- 
tributed throughout the chain and keep 
it lubricated for several days. 

Dises or rings dipping in oil are used 
to advantage for some high-speed 
drives. They produce a mist that dis- 
tributes the lubricant to the chain, and 
the oiling may be made more copious 
(Concluded on p. 425) 
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EFINING an over- 

hauling opera- 
tion as being essen- 
tially preventive 
maintenance which 
should include com- 
plete inspection and 
repair or the replace- 
ment of all parts or units necessary to 
put the entire assembly in serviceable 
condition, J. E. Van Sant, superinten- 
dent for the Paul G. Hoffman Co., Inc. 
stated further in a paper presented at 
a meeting of the Southern California 
Section in Los Angeles, that the object 
of any reconditioning work is to as- 
sure dependable, economical and satis- 
factory performance throughout the 
period between major overhauls. 


Fundamentals of Engine Overhauling 


Continuing, Mr. Van Sant said in 
part that the distinction between a re- 
pair operation and an overhauling re- 
conditioning operation is that the former 
usually is corrective of a particular 
trouble only. It is impossible to state 
any’ definite mileage or period after 
which reconditioning should be done. 
The condition of engines after certain 
mileages will vary 100 per cent or 
more, depending on conditions of ser- 
vice and the care they receive. The 
value and importance to the owners or 
operators of motor-vehicle fleets of 
such factors as dependability, quiet- 
ness and maximum performance must 
also be taken into consideration in de- 
ciding at what point reconditioning is 
advisable. 

Efficient reconditioning requires more 
than mechanical skill on the part of the 
workman. Tool and machine facilities 
not usually available except at the 
larger shops are essential to secure 
economy and good workmanship. Shops 
not equipped with adequate facilities 
for line-reaming crankshaft and cam- 
shaft bearings, regrinding crankshafts 
and refinishing cylinder-walls, should 
send such work to shops that are prop- 
erly equipped. 

Another essential item is a thorough 
service knowledge of the particular 
unit to be worked on. Engine parts are 
being continuously improved and in 
many cases the improved parts are 
interchangeable with those originally 
used. A knowledge of such changes 
will in many cases enable a shop to 
rebuild an engine so that it will be 
better and more uptodate, at practi- 
cally no additional expense for over- 
hauling. 


Knowledge of and adherence to stand- 
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Preventive kngine Maintenance 
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J. E. Van Sant Discusses Economical and Desirable 


Practice for Engine Overhaul 


ard oversizes will prevent delays and 
excessive expense when future replace- 
ments of such parts are needed. En- 
gine builders usually furnish special 
service parts, the use of which will in 
many cases eliminate the necessity for 
replacing very expensive parts or units; 
for example, service oil-passage plugs 
to compensate for low oil-pressure re- 
sulting from wear in camshaft bear- 
ings, and valve-seat rings to eliminate 
the necessity for an expensive cylin- 
der-block replacement in cases where 
valve seats have become unserviceable. 


Inspection and Planning Work 


It is very essential in any recondi- 
tioning that the assembly be inspected 
in a systematic order and the exact 
extent and nature of the work to be 
done be determined at the start of the 
operation. Before beginning any work, 
a repair or work order should be writ 
ten which shows the extent of the in- 
spection and definitely specifies the op- 
erations to be performed. Information 
as to what parts are to be recondi- 
tioned, what parts replaced, to what 
oversize such parts as cylinders and 
crankshafts are to be reconditioned, 
and whether new parts used are to be 
standard, oversize or special service, is 
valuable in planning the work and for 
future reference. Ordering beforehand 
all parts needed will prevent delays and 
additional expense. 

Mr. Van Sant emphasized the im- 
portance of using only parts furnished 
or recommended by the engine manu- 
facturers. A few failures of replace- 
ment parts to fulfil their functions as 
satisfactorily as genuine parts do will 
more than offset any saving in original 
cost. It is also valuable for future ref 
erence to have the work order carry a 
notation of the results of the inspec- 
tion, such as the extent of the wear and 
the condition of the major parts. 

The most serious complaints regard- 
ing reconditioned jobs arise from fail- 
ure to inspect and properly recondition 
small parts or units which are some- 
times considered relatively unimpor- 
tant. It is not necessary to dismantle 
completely and inspect every minor 
part of an engine in cases where the 
condition of the major parts does not 
indicate the need for major recondi- 
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tioning. It is possible, 
however, to determine 
the proper extent of 
inspection of minor or 
inaccessible parts by 
the condition of cer- 
tain readily accessible 
major parts which are 
known to have the same relative rate of 
wear. 


Results and Costs Determine Methods 


Questions of methods, such as whether 
to recondition cylinders by grinding, 
boring or honing, can be answered only 
with regard to the results obtainable 
and the relative cost. Certain standards 
or tolerances of accuracy in the recondi- 
tioning and fitting of parts are well 
established, and in each case the most 
economical method consistent with these 
standards of workmanship should be 
followed. In fitting such parts as crank- 
shaft bearings and camshaft bearings, 
it is poor economy to fit by hand, and, 
with engines of certain design, good 
workmanship is impossible by such 
methods. 

Many otherwise first-class recondi- 
tioned engines fail to give satisfaction 
because of failure properly to recon- 
dition the allied units or engine acces- 
sories. Failure to check the automatic 
spark-advance and to replace neces- 
sary secondary ignition cables and 
spark-plugs is a very commen cause of 
unsatisfactory performance. Valve 
springs should be tested on every major 
reconditioning job. Checking’ these 
items and reconditioning carbureters 
with available improvements often will 
result in engines that are more satis- 
factory from the viewpoints of gasoline 
economy and performance than when 
the engines were new. A thorough ser- 
vice knowledge of the engine, together 
with intelligent inspection before, dur- 
ing, and after the actual work is done 
is the best assurance of obtaining sat- 
isfactory overhauling or reconditioning 
work. 


New National Committees 
Formed 


jeg COMMITTEES recently formed 
by the National Conference on 
Street and Highway Safety are the 
Maintenance of Motor Vehicles Com- 
mittee and the Grade Crossings and 
Highway Intersections Committee. The 
former is composed of representatives 
of more than 20 interests, including 
manufacturers, automobile dealers, mo- 
tor clubs, operators and other users. 
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The necessity for such a committee is 
indicated by the estimates from various 
sources that from 5 to 40 per cent of all 
serious highway accidents are due to 
faulty maintenance. In one State alone, 
38 per cent of 502,480 cars inspected 
are reported to have required correction 
of one or more equipment defects to 
comply with the law. 

Railway grade-crossing accidents are 
said to account for nearly 10 per cent 
of our 27,000 annual motor-vehicle fa- 
talities, while it is estimated that near- 
ly one-third of all other accidents occur 
at highway intersections. Four sub- 
committees have been named to deal 
with: (a) the importance of protective 
measures, as shown by statistics; (b) 
methods for reduction of physical haz- 
ards such as obstructions to view; (c) 
signs, signals, markings, and other pro- 
tective devices at grade crossings them- 
selves and on the approach highways; 
and (d) uniform rules of the road for 
safe vehicle-operation at crossings and 
intersections, as well as measures for 
informing the public and securing en- 
forcement of the regulations.—Domes- 
tic Commerce. 


The Importance of Planning 
Repair Work 


— large fleets are maintained 
under the supervision of a factory- 
trained engineer, a system similar to 
the planning or progress department as 
related to production will have been 
adopted almost as a matter of course. 
But the work of a planning department 
often is considered applicable only to 
the factory owner. However, while the 
actual procedure may need to be varied 
somewhat to meet the conditions of the 
relatively small organization, the prin- 
ciple can be applied equally well either 
in a large factory or in a commercial- 
vehicle maintenance-department. 

One of the most important features 
in the successful accomplishment of 
chassis-repair and overhaul work is 
that of dividing the various operations 
into definite sections, each of which 
probably will need to be dealt with in a 
different way and made the subject of 
special instructions. 

The classification of repair operations 
should follow as a natural sequence the 
examination of dismantled components, 
for then it can be decided which work 
can be done on the premises with the 
aid of the available equipment and 
which can best be dealt with by other 
means. It invariably is cheaper in the 
long run to insist on the highest possi- 
ble degree of workmanship for all 
classes of mechanical repairs, although 
this often leads to the installation of 
expensive machinery in the mainte- 


nance department. But the possibility 
exists of submitting certain work to 
specialists who undertake machine 
work for the trade. This facility offers 
numerous advantages to the operator 
of a small fleet who does not feel justi- 
fied in installing expensive equipment 
for making repairs; but there is al- 
ways the difficulty of delays in getting 
such special work completed promptly 
in shops doing work for others. 

To view the subject in a practical 
light, let us consider the case of an en- 
gine overhaul, as this unit requires the 
most machine work while being recon- 
ditioned. It probably is desirable to 
have the crankshaft reground, the main 
and big-end bearings rebabbitted, the 
cylinders rebored and fitted with new 
pistons. All these operations call for 
special machinery. If the work is to 
be sent out, account must be taken of 
the waiting time for certain machine- 
tools to be released from other work 
and the fact that the job must take its 
turn with those for other customers. 
While it may be desirable in some ways 
to send the job out to one firm, a more 
expeditious way may be to have a 
number of outside specialists work 
simultaneously. The first step in such 
a procedure is to become fully ac- 
quainted with the facilities provided by 
various trade specialists and to select 
a sufficient number to deal with the 
probable range of operations. This 
system entails close attention to the 
inspection of all the components, a 
knowledge of the dimensions to which 
they can be remachined, the selection 
of the best firms to undertake the dif- 
ferent processes, and the planning of 
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the entire system so that the parts will 
be delivered in a remachined condition 
ready for assembly. ’ 


Use of Various Grades of Labor 


In the case of the operator’s shop, by 
splitting up the repair operations ac- 
cording to the amount of experience re- 
quired for their conduct, it is possible to 
allocate various jobs to skilled and 
semi-skilled grades of labor, thus ex- 
ercising economy. It is preferable for 
the skilled and the semi-skilled work- 
men to be given their respective sec- 
tions of the work, for which they must 
be made fully responsible, so that the 
semi-skilled man is directly responsible 
to the shop foreman. In some shops it 
is customary to allow semi-skilled men 
to remove the units from the chassis for 
repair, but in some respects this is not 
altogether desirable because, in the ab- 
sence of repair experience, some im- 
portant details may be overlooked. In 
addition, there is always the question 
of the cost of labor. Two semi-skilled 
men may take the best part of a day to 
disconnect a chassis unit, whereas an 
experienced workman might do the 
same work in a couple of hours and, 
though paid at a higher rate, the job 
will therefore cost less. Further, when 
dismantling certain units, some parts 
may seem simple to strip but in reality 
call for far more intelligence than the 
average semi-skilled man is likely to 
display. Semi-skilled labor can be 
utilized to great advantage for such 
straightforward operations as decar- 
bonizing cylinders, grinding valves, re- 
lining brakes and work of a similar na- 
ture.—Modern Transport. 
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by means of channels or other devices 
in the casing to collect the oil and con- 
duct it to the chain in a stream. A 
single design of case embodying such 
lubrication is used in large quantities 
for spinning and twister frames in 
textile mills. It is preferable to have 
the oil delivered to the inside of the 
chain. Some larger drives are provided 
with oil-pumps that circulate a sup- 
ply of oil so as to provide a continuous 
stream inside the chain. 

Sometimes a chain can be well lubri- 
cated by having it dip slightly in oil 
as it runs, but it is not practicable to 
run a strand of chain at high speed 
under oil between the sprockets, as the 
resulting friction produces excessive 
heat. Provision of an_ oil-retaining 
casing is difficult with any method of 


lubrication that produces an oil mist. 
A silent-chain drive that is intelli- 
gently selected for the job and installed 
in good alignment will operate for 
years with no attention other than lu- 
brication, periodic inspection and pos- 
sibly two or three adjustments of cen- 
ter distance. The last may not be 
necessary on a horizontal drive. 
Chain drives have established them- 
selves as a most satisfactory and 
trouble-free way of transmitting pow- 
er from an electric motor to a lineshaft 
or directly to a machine-tool. The posi- 
tive nature of the drive prevents loss 
from belt slippage, and such loss is 
loss of production, not merely loss of 
power.—From a Production Meeting 
paper by A. C. Woodbury, M.S.A.E., 
Editorial Department, S.A.E. JOURNAL. 
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News of Section Meetings 


AN unusually aus- 
4A picious start of a 
new Section was made 
in St. Louis when more 
than 150 S.A.E. mem- 
bers ard other men in 
the automotive indus- 
try gathered in the 
Engineers Club and organized the St. 
Louis Section by the election of officers 
and committee chairmen as follows: 


Temporary Chairman—W. L. Demp- 
sey, patent attorney 

Vice-Chairman—Col. Halsey Dun- 
woody, vice-president, Gardner Motor 
Co. 

Secretary—R. F. Hardin, vice-pres- 
ident and chief engineer, Guardian 


Aircraft Co. 

Treasurer—Norman Champ, vice- 
president and general manager, Champ 
Spring Co. 

Program Committee—C hairman, 
Burns Dick, chief engineer, automotive 
division, Wagner Electric Corp.; A. O. 
Payne, chief engineer, Parks Aircraft, 
Inc.; L. C. Freeman, Gardner Motor 
Co.; G. H. Kublin, chief engineer, Moon 
Motor Car Co. 

Membership Committee—Chairman, 
L. J. Barney, Vacuum Oil Co. 

Monthly meetings hereafter are to be 
held the third Friday in each month 
curing the meetings season. The next 





meeting will therefore be held on 
Oct. 18. 

The main papeor presented at the 
evening meting cn Sept. 24 was on 
the subject of Brakes, and was pre- 
sented by Prof. Daniel Roesch, asso- 


ciate professor of automotive engineer- 
ing at the Armour Institute of Tech- 
nology in Chicago. Discussion on the 
paper was presented by Joseph Reed, 
of the Robertson Aircraft Corp., of 
Anglum, Mo.; L. C. Freeman, vice- 
president of the Gardner Motor Co., 
and Burns Dick. 

An active campaign to secure mem- 
bers for the new Section is to be started 
at once by the Membership Committee, 
and, as the St. Louis Group was active 
last winter in holding meetings and 
interest is very keen in St. Louis, the 
Section is expected to have a rapid 


growth and a very successful season 
from now until May. 
Milwaukee Section Frolic 


gsc -o PLUVIUS crashed the gate 
VJ at the Milwaukee Section annual 
summer frolic at the Westmoor Country 
Club on Aug. 28, and his unwelcome 
presence dampened the spirits of the 





St. Louis Section Formed 


More than 150 Attend Organization Meeting and 


Elect Officers and Committee Chairmen 


small coterie of members whose optim- 
ism outweighed their doubts. Seven 
members formed a select group at the 
noon luncheon, arranged with the ob- 
ject of getting an early start on the 
golf links; and by 2 p. m. 19 members 
and guests were assembled. Thirteen 
courageous souls who fared forth to 
pound the pill in a drizzling rain were 
not unlucky, as Old Sol routed Jupiter 
about 3 o’clock and the rest of the day 
was ideal for the game. Moreover, the 
13 divided among them the eight golf 
prizes donated by local automotive 
companies; first prize, a calf-skin kit 
bag, going to Past Chairman Cyrus L. 
Cole, for the low gross score of 87. 


The remaining six 
members and guests, 
who were drys, pre- 
ferred bridge rubbers 
to foot rubbers and 
engaged in a series of 
long, hotly contested 
bouts in the club 
house. Nelson B. Nelson, chairman of 
the entertainment committee, was the 
outstanding player but failed to cap- 
ture a prize. First prize was carried 
off by Paul Eells, and second prize by 
Ben Pfeiffer. 

A dinner that concluded the outing 
was an enjoyable affair and did much 
to promote better acquaintance among 
those present, whose only regret was 
that the entire membership of the 
Section could not be present to share 
in the fun. 

In the unavoidable absence of Chair- 
man A. C. Wollensak, Vice-Chairman 
J. R. Frantz was in charge of arrange- 
ments for the day. 








Wichita Aeronautic Section 


Officers Elected at Enthusiastic Meeting of About 50 Aircraft 
Men on Sept. 20 


NEW S.A.E. Section, to be known 
the Wichita Aeronautic 
tion, was organized on Sept. 20 at a 
gathering of about 50 aircraft and 
aeronautic engine men at the Hotel 
Lassen in Wichita, Kan. Thirty pres- 
ent and prospective members of the 
Society gathered at the preliminary 
dinner at 6:30 p. m., and at the or- 
ganization meeting which followed, at- 
tended by nearly a score more, the 
following officers and committee chair- 
men for the present Section year, all 
of Wichita, were elected: 


~ 


4 as Sec- 


Chairman—Mac Short, 
and chief engineer, 
craft Co. 

Vice-Chairman — L. H. Stratton, ser- 
vice manager, Mosbacher Motor Co. 

Secretary—L. H. Whitlock, part owner, 
The Whitlock Co. 

Treasurer—Andrew S. Swenson, owner 
and manager, Swenson Motor Co. 

Program Committee—Chairman, A. W. 
Mooney, president, Mooney Aircraft 
Corp. 

Membership Committee Chairman, 
Frank A. Dobbe, development engi- 
neer, Cessna Aircraft Co. 


426 


vice-president 
Stearman Aijir- 





Reception Committee Chairman, 
Lloyd Stearman, president and di- 
rector, Stearman Aircraft Co. 


Agreement was reached that meet- 
ings of the Section were to be held the 
first Thursday of each month, except 
when changes become necessary to ac- 
commodate speakers. Much enthusiasm 
was shown over the prospect of having 
an active Section in Wichita. 


Addresses and Discussion of Interest 


The position of the Society in aero- 
nautic standardization work was ex- 
plained to the gathering by A. J. 
Underwood, of the Standards Depart- 
ment at the headquarters of the Society 
in New York City. Orin Moe, of the 
Stearman Aircraft Co. presented a 
summary of the paper by Prof. A. S. 
Niles on Load Factors for Aircraft 
Structures and Load Tests versus 
Stress Analyses as a Basis for Design 
Approval, which was presented by 
Edward P. Warner at the Aeronautic 
Meeting in Cleveland in August. Much 
interest was displayed in the subject 
of load factors and some excellent dis- 
cussion was given by Mr. Mooney, of 
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the Mooney Aircraft Co., and Clyde 
Cessna, of the Cessna Aircraft Co. 
Trends in aircraft development as seen 
at the Cleveland Aeronautic Exposition 
and the National Air Races in August 
were reviewed by Mr. Mooney in a 
paper that also created a great deal 
of interest. 


Los Angeles Aeronautic Meeting 


OV. 12 and 13 have been decided 

upon as the dates for a National 
Aeronautic Meeting to be held in Los 
Angeles during the week of the Aero- 
nautic Exposition to be held in that 
city. This is to be a meeting of the 
Society, with the Aeronautic Division 
of the Southern California Section act- 
ing as host. 

Two evening sessions are to be held 
and among the papers to be presented 
is one by Commander E. E. Wilson, 
U.S.N., of the Aircraft Squadron, Bat- 
tle Fleet, at San Diego, on The Trend in 
Aircraft Design; one by Leigh Griffith, 
vice-president of the Emsco Aero En- 
gine Co., on Diesel Engine Develop- 
ment, and one by Gerard Vultee, chief 
engineer of the Lockheed Aircraft Co., 
on High-Speed Transport Planes. 
Ethelbert Favary, of the Southern 
California Section, is cooperating in 
arranging for additional papers by 
other speakers and in local arrange- 
ments for the meeting. 


Canadian Dinner-Meeting 


— of the Canadian Section 
4 were to meet on the evening of 
Sept. 25 in the Royal York Hotel to 
initiate the second season of the Sec- 
tion and hold a jollification at a chicken 
dinner over the decision of the Society 
to adopt the suggestion of the Section 
to hold the 1929 National Transporta- 
tion Meeting in Toronto next month. 
A further purpose was to hear and 
talk about the forthcoming activities of 
the Section. As a delightful surprise 
was promised by Chairman R. H. 
Combs in the announcement of the 
meeting, a good attendance was antici- 
pated. 


Pennsylvania Section Meets 


ABOUT 30 members of the Pennsyl- 
4 vania Section gathered for the 
first meeting of the season in Phila- 
delphia on Sept. 20 and made up by 
enthusiasm at the dinner and _ subse- 
quent entertainment for any lack in 
numbers. A feature of the entertain- 
ment was a mystery speaker, in the 
person, as it later developed, of Charles 
Von Tagen, a former Quaker City 
councilman, who entertained the mem- 
bers with a series of rapid-fire dialect 
stories and concluded with an original 
poem. Following this feature, a num- 
ber of vaudeville acts were presented. 





NEWS OF SECTION MEETINGS 


No business was conducted, as the 
purpose of the meeting was solely to 
get together as a preliminary to tech- 
nical meetings to be held in subsequent 
months. The first of these meetings is 
to be held Oct. 9, at the Standard Oil 
Co. Bayway refinery near Elizabeth, 
N. J., where an inspection trip is to 
be made through the plant. A dinner 
and entertainment are to be followed 
by a technical session at which papers 
on Laboratory Testing of Lubricants 
under Summer and Winter Conditions 


and on Gum in Gasoline are to be given 
by members of the Standard Oil Co. 
of N. J. Development Corp.; on The 
Significance of Fuel Knock Ratings, by 
the director of the Ethyl Gasoline Corp. 
Laboratories, and on Fuel Specifica- 
tions, by the superintendent of bus 
transportation of the United Railway 
& Electric Co. of Baltimore. 

Additional data relating to coming 
meetings were given by Chairman 
Dalton Risley, Jr., and Secretary E. 
B. Neil. 





Metropolitan Section Reassembles 


The 1929-1930 Season Opens with a Bang at the House- 
warming Dinner-Dance Held Sept. 19 


EW from the ground up, modern in 
LN each detail, spacious, luxurious 
and equipped with every convenience, 
the A.W.A. Clubhouse selected by 
the Metropolitan Section for its head- 
quarters during the coming season 
squares exactly with all that is de- 
sirable to meet S.A.E. Section require- 
ments. This was proved by the numer- 
ous expressions of satisfaction voiced 
by members and guests who attended 
the housewarming dinner-dance and 
entertainment held there Thursday 
evening, Sept. 19. Each autumn brings 
a happy renewal of personal contacts 
to the groups of Section members who 
have so many interests in common, and 
the social intercourse of members and 
their guests affords an ideal oppor- 
tunity for and a strong stimulus to ac- 
tive effort in S.A.E. affairs. That such 
an opportunity is appreciated was evi- 
denced in this instance by the fact that 
more than 200 attended. 

The building is located near Colum- 
bus Circle and has an entrance on 
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West 57th Street, between Eighth and 
Ninth Avenues, New York City, which 
leads directly to the lobby of the audi- 
torium and ballroom on the ground 
floor and thus obviates elevator delays 
and confusion either before or after 
meetings. The auditorium itself has a 
stage equipped for entertainment pur- 
poses, is surrounded by balconies, and 
has an ideal dancing floor. Light pro- 
jectors installed in the balconies and 
the central prismatic revolvable chan- 
delier in the ceiling make possible the 
creation of scintillating colored-light 
effects that can be directed upon the 
stage or upon the floor and walls. The 
high ceiling is an assurance of good 
ventilation and, as there are no pillars 
or supporting columns in the room, the 
spectators in the balconies and on the 
floor have an unobstructed view. West 
Side subway, elevated and street-car 
lines make this meeting place easily 
accessible, and unrestricted parking 
space for automobiles is available near 
by. 


A Bang-Up Time Was Had 


Toy balloons of all hues, provided by 
S. R. Milburn, of the B. F. Goodrich 
Rubber Co., furnished part of the bang 
with which the housewarming went off. 
Huge bunches of captive balloons 
graced the balcony rails, and those 
presented to the guests individually 
enabled them to indulge in a kind of 
glorified version of the old-fashioned 
game of ping-pong between and at the 
tables after the members and guests 
were seated. In numerous instances 
over-zealous diners over-inflated their 
balloons and caused explosions, an ad- 
ditional cause being lighted cigarettes 
that were maliciously applied. 

The excellent well-served dinner was 
by no means the least of the attractive 
features of the evening and, as the 
dining and dancing progressed, en- 
gineers and engineuses were treated to 
sparkling divertisements by singing 
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comediennes and dancers whose per- 
formances, as predicted in the Metro- 
politan Section Booster, were distin- 
guished by lightning getaway, flash- 
ing pick-up and thrilling speed. A 
monologist contributed laughter-pro- 
voking comment on things in general 
and the effects of prohibition, and the 
genial leader of the orchestra, in ad- 
dition to other novelties, showed every- 
one how to draw soulful music from an 
ordinary carpenter’s saw with a violin 
bow whenever one has nothing else to 


S. A. E. JOURNAL 


do and feel the urge to keep busy. 

All in all it was a good appetizer for 
the more serious courses of the coming 
season’s repast, the next course sched- 
uled for the Oct. 17 meeting being of 
direct concern to every S.A.E. man 
whose job is allied with transportation, 
whether on earth, by water, or in the 
air. It will include a spirited discus- 
sion of everything that is newest in 
aircraft design and is bound to interest 
all who desire to keep in step with 
automotive progress. 





Northwest Discusses Car Lights 


Legal Lighting in Washington State Described—Section 
Membership and Meetings Considered 


ETERMINATION to make the 

States of Washington and Oregon 
a factor to be reckoned with in affairs 
of the Society was evident at the first 
meeting of the season held by the 
Northwest Section. This was a dinner 
and business meeting; the place was 
the Tacoma Hotel, in Tacoma, Wash., 
and the date was Sept. 14. Chairman 
R. S. Taylor presided. 

Jay L. Warner, a Tacoma member at 
whose invitation the meeting was held 
in Tacoma and who worked hard to pro- 
vide good entertainment and an inter- 
esting program, started a long discus- 
sion on attendance, membership in- 
crease, location of future meetings and 
other Section activities. The problem 
of the Section involves the relatively 
limited automotive engineering popula- 
tion in any one center in the north- 
western States and the long distances 
between these centers. Seattle, Port- 
land, Tacoma and Spokane are the four 
major cities and the logical places for 
meetings but are separated by distances 
of 200 and 300 miles. The October 
meeting is planned for Portland, Ore., 
but Spokane, Wash., in view of the 
large number of membership applica- 
tions secured, desires a meeting. Thir- 
ty-two applications were secured in the 
Seattle-Spokane territory during last 
summer by Secretary A. M. Jones as a 
result of much hard work. To stimu- 
late other members to efforts along the 
same line, agreement was reached to 
start a new-membership competition be- 
tween the Seattle-Tacoma territories 
and the rest of the Section territory, in- 
cluding Portland and Spokane, allowing 
the latter a handicap of 32 members to 
offset the applications secured last sum- 
mer by Mr. Jones. 


Committee Chairmen Announced 


Chairman Taylor announced the ap- 
pointment of chairmen of four commit- 
tees as follows: 


Program Committee—Chairman, Ear] 
B. Staley, of Seattle. 

Membership Committee — Chairman, 
Sherman W. Bushnell, Seattle. 

Greetings Committee — Chairman, 
Donald Gilmore, Seattle. 

The Metropolitan Section challenge 
to an outboard-motorboat competition, 
which was issued following the Summer 
Meeting last June, was read and dis- 
cussed and Chairman Taylor announced 
that he would appoint a committee 
shortly to consider whether the North- 
west Section should accept the chal- 
lenge, which he was much in favor of 
doing. Acting Secretary Gilmore also 
read a letter from the New York head- 
quarters of the Society relative to aero- 
nautic meetings, and the Chairman pro- 
posed that the Section hold an aero- 
nautic meeting in October at the Uni- 
versity of Washington, where a demon- 
stration of the wind-tunnel given to the 
University by the Boeing Airplane Co. 
could be seen. 


The first scheduled address of the 
evening was made by Percy Brush, an 
attorney-at-law of Tacoma, who com- 
mented on the marvelous progress made 
in the automotive industries in the last 
quarter century, and spoke briefly of 
the attractions of Tacoma and other 
cities of the Northwest. “Tacoma,” he 
said, “speaks for herself; she has a pulp 
mill and a chemical plant, whose odors 
mingle with the aroma from the pack- 
ing houses and waft their way up 
through the residential district, so that 
no one ever forgets Tacoma. But if 
people back East knew the climate, the 
resources and the beautiful scenery, the 
Northwest would be overpopulated in 
two years.” 

Continuing, he spoke of the first 
transcontinental air-mail service to open 
the following morning direct from Ta- 
coma, and drew a comparison between 
the two or three days’ trip to the At- 
lantic Coast by airplane and the months 
of tedious travel in covered wagons of 
the era of Ezra Meeker. 

Lights Authorized by State Explained 

The remaining half of the evening 
was devoted to hearing an address by 
J. D. Guiss, a representative of the 
Washington State Highway Patrol, on 
the subject of Head-Lamps and Head- 
lighting. Mr. Guiss described explicitly 
the kind of head-lamps, parking lights, 
spot lights and tail-lamps that can be 
used legally in the State of Washing- 
ton, ard went into details regarding 
fog lights and the focusing and aiming 
of head-lamps. The State of Washing- 
ton has adopted the headlighting code 
approved by the Hoover Conference 
Commission on lighting, which he said 
has been adopted by 38 States, and is 
expected to become uniform throughout 
the Country. During and after his talk, 
numerous questions were put to Mr. 
Guiss, which he answered, and at the 
conclusion the speaker was given hearty 
applause. 








Engine Vibration k:xplained 


Northern California Section 


Fundamentals by 


“SINNER at the Engineers’ Club, San 
Francisco, ushered in the new sea- 
son of the Northern California Section 
on Thursday evening, Sept. 12. After 
the dinner, 49 members and guests re- 
sponded to a roll-call. Past-Chairman 
Shaw then introduced the incoming of- 
ficers of the Section, and they responded 
with pledges for an active season. 

The new officers are Horace Hirsch- 
ler, Chairman; E. H. Zeitfuchs, Vice- 
Chairman; and Howard Baxter, East 
Bay Chairman. Fred Sargent and Wil- 


Listens to an Exposition of 


Professor Boelter 


liam S. Crowell were re-elected as 
Treasurer and Secretary respectively, 
and Van W. Dennis has assumed the re- 
sponsibility for membership promotion. 
Vice-Chairman Zeitfuchs will serve also 
as Chairman of the Program Commit- 
tee, and Past-Chairman Shaw will be 
responsible for the social activities of 
the Section. 

Prof. Llewellyn Boelter, of the me- 
chanical engineering department of the 
University of California, gave an ad- 
dress on Engine Vibration, in which he 
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explained the elementary and funda- 
mental facts. He cited the mechanical 
formulas that measure vibration in en- 
gines having one, four, six and eight 
cylinders, and touched upon the differ- 
ence in vibration between eight-cylinder 
engines of various forms. 

He discussed the vertical vibration re- 
sulting from periodic unbalance of re- 
ciprocating parts, torsional vibration, 
and vibration due to torque reaction. In- 
herent unbalance of reciprocating parts 
is less in a six-cylinder engine than an 
eight, because the unbalance of the 
eight arises from the fourth harmonic 
while that of the six comes from the 
smaller sixth harmonic; however, the 
inherent unbalance of an eight at 3000 
r.p.m. is well within that resulting from 
the allowable variation in the weight of 
the pistons. The well-recognized unbal- 
ance of the conventional four-cylinder 
engine comes from the second harmonic. 

P. L. Scott, a consulting engineer 
who has had much experience with 
Diesel engines; J. E. Gildewell, of the 
Hall-Secott Co., and others took part in 
the discussion. After this, Professor 
Boelter demonstrated what he called a 
home-made balancing machine, having 
a natural period of 140 oscillations per 
minute. A _ well-balanced crankshaft 
caused virtually no vibration of the ta- 
ble of the machine, but vibration was 
very evident at 140 r.p.m. after a light 
weight had been added to throw the 
shaft out of balance. 

At the close of the meeting Vice- 
Chairman Zeitfuchs, in his capacity of 
Chairman of the Program Committee, 
announced p):ns for the next two meet- 
ings of the Section. The October meet- 
ing is to be upon the subject of fuels, 
with particular attention to volatility 
and vapor lock. The November meet- 
ing is to be held at the Hall-Scott plant. 


Bisons Get Together 


seta members and_ prospective 
members of the Buffalo Section 
gathered for dinner at the Buffalo 
Launch Club for the get-together meet- 
ing of the Buffalo Section on the eve- 
ning of Friday, Sept. 20, and reveled 
in an excellent duck and sauerkraut 
dinner prepared by the club steward 
and chef. The guest of honor was Sir 


William George Claridge, a prominent 
English automotive executive, imper- 
sonated by one of the Section members. 
He described and expatiated upon a 
marvelous new car to be introduced 
into the American market. Among the 


. Sept. 25, at the City Club. 


NEWS OF SECTION MEETINGS 


radical engineering advancements in- 
corporated in the creation were a high- 
powered, two-cycle, supercharged en- 
gine with rotary valves, front-wheel 
drive, automatic transmission, and very 
unusual body appointments. 

A thoroughly enjoyable entertain- 
ment program arranged by the enter- 
tainment committee included music and 
the impersonation of a head: waiter by 
a comedian who kept the assemblage in 
an uproar. Wet versus Dry was the 
subject of a thorough debate. 

Secretary William Edgar John re- 
ports that the comments made by mem- 
bers at the close of the evening indi- 
cated that this was one of the best 
dinner meetings given by the Section, 
and that at least 15 new members will 
be added to the Section during the pres- 
ent season. 


Washington Section Studies 
Front-Drive Car 


MERICA’S First Front-Wheel Drive 

Car was the subject of an address 
given by Chester Warrington, president 
of the Warrington Motor Car Co., at 
the Washington Section’s first meeting 
of the season, held on Wednesday night, 
About 40 
members attended the dinner preceding 
the technical session and after the ad- 
dress were taken in motorcoaches pro- 
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vided by Chairman E. S. Pardoe, of the 
Capital Traction Co., to the sales room 
of the Warrington company. There a 
special Cord front-drive car on display 
was inspected and its various engineer- 
ing features pointed out by Mr. War- 
rington. Afterward the members re- 
turned to the club in the motorcoaches 
and dispersed in enthusiastic groups. 
Mr. Warrington’s address at the club 
treated the subject in the light of the 
historical development leading to the 
design and production of the present 
front-drive car manufactured by the 
Auburn Automobile Co. The speaker 
traced design through its earlier period 
and described the Latil, Parkville, 
Rumpler and Tracta designs. The later 
of these constructions were seen, he 
said, by Jimmy Murphy, the racing 
driver, while in Europe, and when he 
returned to this Country in 1923, Mur- 
phy discussed with Harry Miller the 
possibility of front-wheel drive racing 
cars. As a result, Miller adopted the 
system used in the Miller racing cars, 
which has been incorporated in the 
present Cord private passenger-car. 
The most interesting part of the 
novel design was stated to be the con- 
stant-angular-velocity universal-joint, 
which was designed by Van Paust and 
makes the drive to the front wheels 
practicable. This joint can take 3000- 
ft-lb. torque, whereas the maximum 


possible torque from the engine is 1975 
ft-lb. 








Council Approves Budget 


(Concluded from p. 327) 





The 1929-1930 Budget 

The following budget of expenses for 
the fiscal year beginning this month 
was approved, this having been sub- 
mitted, together with an estimate of 
income, by the Finance Committee for 
adoption: 

INCOME 
Dues and Subscriptions $97,000.00 


Initiation Fees 18,000.00 
Affiliated Appropriations 7,500.00 
Interest and Discount 12,000.00 


Advertising Sales— 
S.A.E. JOURNAL 
Advertising Sales— 
S.A.E. HANDBOOK 
Miscellaneous Sales 


260,000.00 


12,000.00 
16,000.00 








TOTAL $422,500.00 





EXPENSES 
Research $16,030.00 
Standards 21,130.00 
Publications 103,630.00 
Sections 15,420.00 
Professional Activities 

(including meetings) 44,050.00 
Membership Increase 14,050.00 
Advertising— 

S.A.E. JOURNAL 77,410.00 
Advertising— 


S.A.E. HANDBOOK 
Miscellaneous Sales 
General Expense 


2,700.00 
6,460.00 
107,700.00 


TOTAL $408,580.00 


Unexpended Income $13,920.00 
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Burnell RK. Tunison 


OLLOWING an operation for acute 

appendicitis, Burnell R. Tunison, 
vice-president and a director of the 
American Solvents & Chemical Corp., 
of New York City, passed away at 
Murray Hill Sanitarium in that city 
on Aug. 9. 

Born at San Francisco in December, 
1892, Mr. Tunison received his techni- 
cal education at the Polytechnic School 
at Los Angeles and the University of 
California, specializing in chemical en- 
gineering, and received Bachelor of 
Arts and Master of Arts degrees from 
the latter institution. 

His professional activities began in 
1912, when he became connected with 
Carruthers & Co. as an engineer and 
was put in charge of the operation and 
maintenance of three internal-combus- 
tion-engine powerplants of the firm. 
From 1914 to 1916 he was associated 
with his father during his spare time, 
which was devoted to overhauling and 
repairing automobiles and motorcycles. 
During the following two years he was 
connected with the General Petroleum 
Corp. as research chemical engineer in 
charge of research work on petroleum 
and petroleum products and of devel- 
opment of the cracking process. 

Joining the United States Industrial 
Alcohol Co. in 1918, Mr. Tunison was 
given charge of sales development 
work, and was interested in alcohol 
mixtures as fuels for internal-combus- 
tion engines, and also in carbon remov- 
ers, antifreeze compounds and the like 
products. In 1926 he joined the Amer- 
ican Solvents & Chemical Corp., of 
which he was vice-president and a di- 
rector at the time of his death at the 
age of 37 years. 

Mr. Tunison had been a Member of 
the Society for 11 years, having been 
admitted to member grade in June, 
1919. He was a member also of the 
American Institute of Chemical En- 
gineers, the Chemists Club of New 
York and other organizations and a 
32nd-degree Mason and Shriner. At 
the time of his death he was a resident 
of Elizabeth, N. J., but interment was 
in California, the State of his nativity. 


Harry Wilson Topley 


er oreeete to recover from an attack 
of peritonitis following an operation 
for appendicits, Harry W. Topley, sales 
director of the Lord Mfg. Co., died in 
Harper Hospital, Detroit, on Sept. 14, 
survived by his wife and two children. 
Born at Trenton, N. J., in April, 
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1890, Mr. Topley received his technical 
education at the New Jersey State 
Normal School, where he studied me- 
chanical engineering. After holding 
various positions as draftsman and de- 
signer of automobiles, he became an 
engineer of the Militor Corp., of Jersey 
City. Then followed his post with the 
Spicer Mfg. Co., of South Plainfield, 
N. J. 

In 1920, Mr. Topley was transferred 
to Detroit, as the sales representative 
of the Spicer company, and in 1922 
became its western sales representa- 
tive. He continued with this company 
until 1928, when he became sales di- 
rector for the Lord Mfg. Co., of De- 
troit, a position which he held until 
the time of his death at the age of 39 
years. 

Mr. Topley had been a Member of 
the Society for 13 years, having been 
admitted as a Junior Member in 1916. 
He was transferred to the grade of 
Associate Member in 1917 and Mem- 
ber grade in 1919. He was also a 
member of the Metropolitan Section 
while resident in New Jersey, and later 
transferred his Section membership to 
the Detroit Section. 


William M. HS. Jackson 


Yvy ane visiting Philadelphia in 


connection with work growing 
out of an invention, Capt. William 
McLean Stewart Jackson became ill 
with bronchial pneumonia and died at 
St. Mary’s Hospital on Sept. 10. 

The 46 years of Captain Jackson’s 
life were full of activity. Born at 
Peebles, in Scotland, on Nov. 25, 1883, 
he attended the Fettes School at Edin- 
burgh and studied engineering and 
chemistry at Oxford and London Uni- 
versities, being graduated from the 
latter with the degree of bachelor of 
science in 1903 and choosing automo- 
tive engineering as his profession. 

From 1903 to 1906 he was with the 
Wolseley Motor Co., of Birmingham, 
England, advancing to the post of tool- 
room foreman. He left to become pro- 
duction engineer of the Humber Motor 
Co., Coventry, with which firm he re- 
mained until the following year, when 
Rothschild et Fils, international bank- 
ers at Paris, France, engaged him as 
financial engineer in charge of reports 
and loans connected with automotive 
and mechanical industries. 

Shortly after the outbreak of the 
World War, he assumed the position 
of technical director for the British 
Purchasing Commission in the United 
States, and had charge of specifica- 
tions, inspections and tests of material 





bought for Great Britain. He re- 
tained this post through the war. Fol- 
lowing the armistice, Captain Jackson 
decided to remain in America as presi- 
dent and general manager of the North 
American Credit Co., of Cleveland, or- 
ganized for the financing of automotive 
factories. 

Since 1920, his work was chiefly in 
the capacity of consulting engineer, and 
he served, among others, the Maedler 
Engine Corp., the Christensen Air 
Brake Co., the Obturator Piston Corp. 
and the Sealtite Piston Corp., all of 
Cleveland. Some years ago he organ- 
ized the Detroit engineering firm that 
bears his name and of which he was 
senior member at the time of his 
death. * 

Captain Jackson became a member 
of the Society in May, 1926. He was 
also a fellow of the Institute of Chem- 
ists, of Great Britain. 


Ray Benjamin Goss 


FTER serving as an instructor in 
4 farm mechanics at Purdue Uni- 
versity for 10 years, Ray Benjamin 
Goss resigned on June 30, 1929, with a 
view to entering upon a_ business 
career. But two or three weeks before 
his resignation became effective it be- 
came evident that he was in a serious 
physical condition and he was relieved 
from work to safeguard his health. He 
then went to a sanitarium in Indianap- 
olis, where, after several weeks, he 
passed away on July 13. 

Mr. Goss was born in February, 
1891, at Arcadia, Ind. He acquired his 
technical education through the corre- 
spondence course in mathematics of the 
University of Wisconsin. From 1912 
to 1918 he acquired practical automo- 
tive experience through his successive 
connection with the Ford Motor Co. in 
Indianapolis as an expert and as a 
sales representative; with the Logans- 
port Overland Co., in Logansport, Ind., 
as assistant manager of sales; and 
with the Marion Overland Co., of 
Marion, Ind., as manager. 

Mr. Goss became an instructor in 
the. engine and automobile mechanics 
school at Purdue University in 1918, 
and from 1919 to last June was in 
charge of instruction in gas engines 
and tractors and assistant to the head 
of the research and experimental trac- 
tor investigation at the University. 

In March, 1921, Mr. Goss was ad- 
mitted to membership in the. Society, 
with the grade of Associate Member. 
He was also an associate member of 
the American Society of Agricultural 
Engineers. 
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Personal Notes of the Members 


Keys Heads Merger 


C. M. Keys, president of the Curtiss 
Aeroplane & Motor Co., Inc., Garden 
City, L. I., has been elected to the presi- 
dency of the Curtiss-Wright Corp., the 
result of a recent merger between the 
Curtiss Company and the Wright Aero- 
nautical Corp., of Paterson, N. J. 

The experience of Mr. Keys, subse- 
quent to receiving the degree’ of bach- 
elor of arts from Toronto University. 
in 1897, has been unique and interesting. 
He taught the classics at Ridley Col- 
lege, St. Catharines, Ontario, for two 
years, then resigned from the faculty to 
embark upon his career as a reporter 
on the Wall Street Journal. He was 
made railroad editor after two years 
and continued in that capacity until 





C. M. KEyYs 


1906. During the next five years he oc- 
cupied the position of financial editor of 
World’s Work. In 1911 he organized the 
banking and brokerage business of C. 
M. Keys & Co., and it was not until 
1916, as vice-president of the Curtiss 
Aeroplane & Motor Co., that Mr. Keys 
became identified with the field in which 
he has since figured so prominently. 
When the control of Curtiss passed into 
the hands of the Willys-Overland peo- 
ple, Mr. Keys continued with the com- 
pany in the capacity of chairman of 
the finance committee. During 1917- 
1918, he acted as treasurer of the 
Curtiss Engineering Corp., and in 1920 





assumed the presidency of the Curtiss 
Aeroplane & Motor Co., of which he had 
bought control. 

Mr. Keys became an Associate Mem- 
ber of the Society in 1925, and in the 
same year entered upon his Metropoli- 
tan Section affiliation. He contributed 
an interesting and illuminating arti- 
cle on Trends in Military Airplanes 
to the November, 1927, number of 
THE JOURNAL, and the text of his ad- 
dress on Conditions Affecting Aero- 
nautic Progress, made at the 1925 
Aeronautic Meeting of the Society in 
New York City, is contained in The 
JOURNAL of November 1925. 


Moskovics in New Venture 


News recently came to the automotive 
industry of the appointment of F. E. 
Moskovics, lately-resigned president of 
the Stutz Motor Car Co., to the presi- 
dency of the Improved Products Corp., 
in New York City. This company, 
which was organized last year, is in the 
investment banking field. 

Mr. Moskovics is a well-known figure 
in the engineering world, especially to 
members of the Society, who know him 
for his untiring cooperation and service 
in Society matters. A brief note about 
his work as an engineer, as well as his 
activities as a member of the Society, 
appeared in the S.A.E. JOURNAL for 
March, 1929, at the time of his res- 
ignation from Stutz. 


MacCracken Leaves Commerce 
Department 


William P. MacCracken, Jr., having 
relinquished his post as Assistant Sec- 
retary of Commerce for Aeronautics, 
will devote the next few weeks to mak- 
ing plans for the future. 

Subsequent to receiving his doctor 
of laws degree from the University of 
Chicago Law School in 1911, Mr. Mac 
Cracken was admitted to the Illinois bar 
and began to practice in Chicago as a 
law clerk for the firm of Steere, Wil- 
liams & Steere. In 1916 he became 
partner of Montgomery, Hart, Smith 
&. Steere, and continued as a member 
of succeeding firms until August, 1926, 
when he entered the Government ser- 
vice. After receiving his discharge 
from the Army Air Service at the close 
of the war, he made a special study of 
aviation law and, as an expert in this 
field, was appointed general counsel 
amd assistant secretary of the National 
Air Transport. He also served as 
governor-at-large and chairman of the 
legislative committee of the National 
Aeronautic Association, and in 1926 as- 
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sumed the post of Assistant Secretary 
of Commerce. He was appointed by 
President Hoover a member of the 
National Advisory Committee for Aerv- 
nautics in April of this year and has 
served as secretary of the American 
Bar Association from 1925 to the pres- 
ent time. Mr. MacCracken was elected 
to an Associate membership in the So- 
ciety in 1926. He joined the Chicago 
Section the same year and later trans- 
ferred his Section membership to Wash- 
ington. He has shown a keen interest 
in Society work, and is this year serv- 
ing on the Aeronautic Committee. He 
gave a very interesting address before 
the Metropolitan Section in October, 
1927, on A Commercial Airport for 
New York City, the text of his remarks 
appearing in THE JOURNAL the follow- 
ing month. 


Hukill Leaves Westinghouse 
Air Brake 


H. D. Hukill has resigned from the 
Westinghouse Air Brake Co., at Wil- 
merding, Pa., where he had charge uf 
the automotive brake division, to as- 
sume management of the recently es- 





H. D. HUKILL 


tablished power-brake division of the 
Bendix Brake Co., in South Bend, Ind. 

The engineering activities of Mr. 
Hukill, who was educated at Cornell 
University, have been centered for the 
most part in the State of Pennsylvania. 
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His first position was obtained in Pitts- 
burgh, in 1916, as foreman of construc- 
tion and inspection of freight cars for 
the Pressed Steel Car Co., a position 
which he left shortly afterward to en- 
gage in the designing of centrifugal 
pumps for the Wilson Snyder Mfg. Co., 
also located at Pittsburgh. In 1918 Mr. 
Hukill enlisted as a private in the in- 
fantry of the United States Army, fin- 
ishing his service as second lieutenant 
in the engineering division of the Ordi- 
nance Department. He returned to 
Pittsburgh as chief engineer of the Falk 
American Potato Flour Corp., and two 
years later resigned this position to es- 
tablish his connection with the Westing 
house Air Brake Co. 

Mr. Hukill joined the Society in 1924 
and the Cleveland Section in 1927. An 
authority on the subject of brakes, he 
has presented several constructive pap- 
ers on this phase of automotive engin 
eering at meetings of the Society. 
These papers, which subsequently were 
published, together with discussion, in 
various issues of THE JOURNAL, include 
the following: The Automotive Air 
Brake—Why ‘and How, and Power 
Brakes for Passenger Cars. 





oung Succeeds acCracken 
Y ¢ S Is Mac( k 


By appointment of President Hoover, 
Clarence M. Young, formerly director 
of the aeronautics branch of the De- 
partment of Commerce, has succeeded 
William P. MacCracken, Jr., as Assist- 
ant Secretary of Commerce for Aero- 
nautics. 

Mr. Young practised law prior to 
entering the Government service. He 
was admitted to the bar of Iowa in 
1910, having received in that year the 
degree of bachelor of laws from Yale 
University. During the World War he 
was a member of the United States 
Army Air Service, and served overseas 
for 18 months, including five months 
as a prisoner of war in Austria. Follow- 
ing the war he acted for several years 
as executive secretary of the Municipal! 
Research Bureau of Des Moines. In 
1926, as chief of the regulations divi- 
sion of the Aeronautics Branch of the 
Department of Commerce, he built up 
an aeronautic inspecting force which 
handled the licensing, identification and 
inspection of civil aircraft. While oc- 
cupying this post, he also assisted in 
the drawing up of air-commerce regu- 
lations. In July, 1927, he was named 
director of aeronautics in the Depart- 
ment of. Commerce. 

Mr. Young became a member of the 
Society and the Washington Section 
last year. He gave an informative talk 
at the 1927 National Aeronautic Meet- 
ing, on the Technical Problems of the 
Control of Airplane Airworthiness, 
which was published in the November, 
1927, number of THE JOURNAL. Dis- 
cussion of the paper appeared in the 


May, 1928, issue. 


October, 1929 


Ss. A. E. JOURNAL 


Bachman Made Autocar 
Vice-President 


B. B. Bachman, Past-President of the 
Society, has been elected vice-president 
in charge of engineering of the Autocar 
Co., in Ardmore, Pa., with which he has 
been associated during the entire time 
of his automobile experience. He joined 
the Autocar Co. in 1905, was appointed 
assistant engineer in 1909, and since 
1914 has held the post of chief engineer. 
In the latter capacity he has been 


B. BB. 


BACHMAN 


largely responsible for the present new 
line of Autocar trucks. 

Mr. Bachman became a Junior Mem 
ber of the Society in 1910 and was ad- 
vanced to Member grade in 1912. He 
belonged to both the Metropolitan and 
Pennsylvania Sections for many years, 
but since 1921 has held Section mem- 
bership in Pennsylvania only. He was 
the first Secretary of the Pennsylvania 
Section and in 1924 acted as its Chair- 
man. His activities in the. parent So- 
ciety have been unusually numerous; 
in addition to holding the offices of 
President, First Vice-President and 
Second Vice-President representing 
motor-car engineering, he has partici- 
pated largely in the work of the Stan- 


dards Committee and the Research 
Committee and their subcommittees. 


He has repeatedly represented the So- 
ciety on the American Engineering 
Standards Committee, the Advisory 
Board on Highway Research of the 
National Research Council and the En- 
gineering Division of the National Re- 
search Council. This year he isa 
member of the Standards Axle and 
Wheels Division, Vice-Chairman of the 
Standards Motor-Truck Division, Chair- 
man of the special committee on Patents 
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and a member of the Research Com- 
mittee, the Research Fuels Subcommit- 
tee and the Cooperative Fuel-Research 
Steering Committee. He is also the 
S.A.E. representative on the Highway 
Research Board of the National Re- 
search Council. 

Besides the untiring support he has 
contributed to the work of Society 
committees, Mr. Bachman has pre- 
sented many papers containing valuable 
engineering data at various meetings of 
the Society which have 
appeared in various 
BULLETIN, THE 
ACTIONS. 

Mr. Bachman is 
the American Society of 
Engineers, the American Society for 
Testing Materials and the Institution 
of Automobile Engineers, of England. 


subsequently 
issues of THE 
JOURNAL, and TRANS- 
also a member of 
Mechanical 


Jack White Moves to Detroit 


As a result of the consolidation of 
the Wire Wheel Corp. of America, lo 
cated at Buffalo, and the Kelsey-Hayes 
Wheel Corp., of Detroit, J. W. White, 
formerly chief engineer of the Wire 
Wheel Corp., will move his headquaretrs 
from Buffalo to Detroit. 

Mr. White’s engineering career has 
been productive of unusual achieve- 
ment. His first position, after ac- 
quiring his technical education at the 
Massachusetts Institute of Technology, 
was with the General Electric Co., in 
Lynn, Mass., where he engaged in elec- 
trical design work in the engineering 
department. He continued in this con- 
nection for three years and then moved 
to California, where he spent six years 
in hydroelectric power development as 
construction engineer with the Pacific 
Gas & Electric Corp., the American 


River Electric Co. and the Nevada 
California Power Co. He then re- 
entered the service of the General 


Electric Co. as sales engineer at the 
San Francisco office for a period of 
five years. In 1914 he organized the 
Industrial Equipment Co. and later sold 
out this business to the General Motors 
Corp., moving to Detroit in 1918 to 
become identified with the engineering 
department of the General Motors 
Corp. He thereafter successively held 
various executive positions with the 
Central Axle Co. and the Maxwell 
Motor Corp. In 1923 he severed com- 
mercial relations in Detroit to enter 
upon his affiliation with the Wire Wheel 
Corp. in Buffalo. He first acted in the 
capacity of chief engineer of the disc- 
wheel division and later was appointed 
to the post of chief engineer for the 
corporation. 

During his membership in the So- 
ciety, which dates back to 1917, Mr. 
White has participated actively in the 
direction of its affairs. He was elected 
a member of the Council last year and 
is serving his second term of Councilor- 
ship this year. He was chosen Sec- 

(Continued on pn. 36) 
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Applicants Qualified 


ANDERSON, Paut A. (M) assistant airplane 
engineer, Wright Aeronautical Corp., 
Paterson, N. J. 

ARNSTEIN, Kart (M)_ vice-president, in 
charge of engineering, Goodyear-Zeppelin 
Corp., Akron, Ohio; (mail) 90 North 
Portage Path. 

BAINE, JOHN CHALMERS, JR. (J) engineer, 
rolling stock and shops department, New 
Orleans Public Service, Inc., 317 Baronne 
Street. New Orleans; (mail) 3233 Maga- 
zine Street. 

Barrow, BENJAMIN DuTois (M) engineer, 
Sky Specialties Corp., 3651 Hart Avenue, 
Detroit ; (mail) care Moslem Shrine Club. 
3AYES, WILLIAM (M) _ time-study chief, 
White Motor Co., 842 East 79th Street, 
Cleveland. 

BiGeLow, ANSON A. (M) _ vice-president, 
Black & Bigelow, Inc., 551 Fifth Avenue, 
New York City. 

BoARDMAN, Myron E. (A) _ instructor of 
mechanics, inspector of automotive equip- 
ment, Southern New England Telephone 
Co., Court Street, New Haven, Conn.; 
(mail) Route 3, Middlebury Road, Water- 
bury, Conn. 

BowMAN, LESLIE H. (A) service engineer, 
Kinner Airplane & Motor Corp., Glen- 
dale, Calif.: (mail) 287 Stillwell Avenue, 
Kenmore, N. Y. 

BoyLaAN, Henry Warp (J) experimental 
carbureter work, Detroit Lubricator Co., 
5842 Trumbull Avenue, Detroit. 

Brooks, FRepERICK A. (M) chief engineer, 
Metropolitan Development Syndicate, 
Hollywood Securities Building, Hollywood, 
Calif. ; (mail) 361 South Catalina 
Avenue, Pasadena, Calif. 

CLARK, CHARLES M. (A) service representa- 
tive, Reo Motor Car Co., Service Division, 
Lansing, Mich. 

CLecc, RoBeRT J. (M) chassis designer, 
Packard Motor Car Co., Detroit; (mail) 
8765 Petoskey Avenue. 

CLEVELAND, E. W. (A) transport pilot No 
1815, salesman, Cleveland Pneumatic Tool 
Co., 3734 East 78th Street, Cleveland. 

COLEMAN, ALFRED F. (M) manager, motor 
vehicle department, Standard Oil Co. of 

- New York, Room 1229, 26 Broadway, New 
York City. 

CRAMER, JOHN COWLE (M) development 
engineer, assistant manager development 
department, Miller Rubber Co., Akron, 
Ohio. 

Davis, Francis H. (J) sales and service 
engineer, Ross Gear & Tool Co., Lafay 
ette, Ind.; (mail) Box 66, Colfax, Ind. 

DEMING, Harry lL. (A) assistant to the 
president, Pierce Petroleum Corp., St 
Louis; (mail) 1709 Locust Street. 

DENNIS, VAN W. (M) supervisor, transpor- 
tation methods, Pacific Telephone & 
Telegraph Co., San Francisco; (mail) 
140 New Montgomery Street. : 

DoyLE, ARMAND JaAy_ (A) 
Sinclair Refining Co.., 
Street, Chicago; 
Place. 


D’You, Jean (A) manager, Aelium Co., 
1411 North Main Street, Los Angeles. 


Fanny, O. M. (A) partner, Gill & Fahey, 
South 167 Lincoln Street, Spokane, Wash. 


FEAVER, CHARLES J. (A) director, general 
service superintendent, Giles Rice & 
Peters, Ltd., 2494 Danforth Avenue, 
Toronto, Ont., Canada; (mail) 33 Gates 
Avenue. 


FREYER, HERMAN A. (A) machine-shop fore- 
man, Fokker Aircraft Co. of America, 
Glendale, W. Va. 


FULLER, ELMER L. (M) service manager, 
Cadillac Automobile Co. of Boston, 808 
Commonwealth Avenue, Boston. 


Haas, Josepu P. (A) draftsman, American 
Car & Foundry Motors Co., Hall-Scott 
Division, Berkeley, Calif.; (mail) 3042 
Arkansas Street, Oakland, Calif. 

Harpesty, B. F. (M) president, Refined 
Steel Co., 1715 Clark Building, Pittsburgh. 

Harris, James L. (A) branch manager, 


Mack International Motor Truck Corp., 
2804 Pine Street, St. Louis. 


sales engineer, 
2540 West 22nd 
(mail) 1972 East 73rd 





The following applicants have quali- 
fied for admission to the Society be- 
tween August 10 and September 10, 
1929. The various grades of member- 
ship are indicated by (M) Member; 
(A) Associate Member; (J) Junior; 
(Aff.) Affiliate; (S M) Service Mem- 
ber; (F M) Foreign Member. 





Haynes, O. B. (A) proprietor, machinist, 
Haynes Repair Shop, 326 South Wenat- 
chee Avenue, Wenatchee, Wash. 

HEATH, HarRo_p (J) Rootes, Ltd., Devon- 
shire House, Piccadilly, London, W. 1, 
England. 

HEWITT, HERBERT STAYTON _(F M) manag- 
ing director, Automotive Engineering Co., 
Ltd., 104 The Green, Twickenham, Middle- 
sex, England. 

HILL, BENNETT (M) engineer, in charge of 
aviation motor design, Horace E. Dodge 
Boat Works, 554 Lycaste Avenue, Detroit. 

HILTON, ALBERT B., JR. (A) _ president, 
American Mfg. Co.; vice-president, Day- 
ton Steel Racquet Co., Dayton, Ohio; 
(mail) American Mfg. Co. 


HoFrrMAN, CHRIST (J) draftsman, Stewart 
Motor Corp., Buffalo; (mail) 171 Howard 
Street. 

HoGLUND, GusTAv O. (M) assistant profes- 
sor of aeronautical engineering, Univer- 
sity of Minnesota, Minneapolis: (mail) 
520 Fourth Street. Parnassus, Pa. 

HoLM-HANSEN, OSMUND LuTzow (A) tool 
designer, airplane engines, E. W. Bliss 
Co., Aeronautical Division, 53rd Street 
and Second Avenue, Brooklyn, N. Y.; 
(mail) 154 Nassau Street, New York 
City. 

Hurp, LELAND C. (S M) First Lieutenant, 
United States Army, Air Corps, City of 
Washington; (mail) 802 Farwell Build- 
ing, Detroit. 

JOHNSON, Ropert E. (J) chief, aerodyna- 
mics section, Curtiss Aeroplane & Motor 
Co., Inec., Clinton Road, Garden City, 
oe ae 3 i 

JOHNSON, THEODORE SOMERS (J) automotive 
engineer, Vacuum Oil Co., New York 
City; (mail) Mountain Lakes, N. J. 

KEARNS, F. C. (A) superintendent, lubricat- 
ing sales, northern territory, The Texas 
Co., 17 Battery Place, New York City. 

KNACK, FREDERICK (J) secretary, Aerotech, 
Inc., Moline, Ill.; (mail) 1404 29th 
Avenue. 


KRAELING, HARRY A. (M) president, Stand- 
ard Steel Propeller Corp., Homestead, Pa. 


KurTze, A. Henry (J) machine designer, 
A. O, Smith Corp., Milwaukee; (mail) 300 
Knapp Street. 


Lin. A. T. K. (F M) Directorate General 


of Posts, Supply Department, Shanghai, 
China. 


LUKBy, KarRL (J) checker, body drafting 
department, Chrysler Corp., Detroit; 
(mail) 15847 12th Street. 


MacGrecor, JOHN RyLe (M) research en- 
gineer, in charge of products testing, 
Standard Oil Co. of California, Richmond, 
Calif.; (mail) 731 60th Street, Oakland, 
Calif. 

MANGOLD, RupotrF (M) mechanical engi- 
neer, chief draftsman, Robert Bosch Mag- 
neto Co., Inc., Long Island City, N. Y.; 
(mail) 31-32 29th Street. 


MARCHANDER, GUNNAR (F M) lieutenant, 
Royal Swedish Artillery, Smalands Armé- 
artilleriregemente, JOnképing, Sweden. 


MATHISON, WALTER C. (A) superintendent, 
Standard Motor Truck Co., 1111 Bellevue 
Avenue, Detroit; (mail) 5125 Helen 
Avenue. 

MAuUNU, LEONARD M. (J) designer, drafts- 
man, mechanical engineering, Briggs & 


Stratton Corp., Milwaukee; (mail) 1095 
15th Street. 
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McINTYRE, JOHN J., Jr.,.(A) chief body 
and stamping checker, Edward G. Budd 
Mfg. Co., 25th Street and Hunting 
Park Avenue, Philadelphia; (mail) 2727 
West Lehigh Avenue. 

McK issBen, J. Scotr (J) experimental en- 
gineer, Graham-Paige Motors. Corp., 
Detroit; (mail) 8916 Gary Street. 


McLELLEN, WILLIAM LUMSDEN (A) service 
manager, Glyde & McLellan, Ltd., Jasper 


Avenue and 105th Street, Edmonton 
Alberta, Canada; (mail) 10841 123rd 
Street. 

Menasco, A. S. (M) president, Menasco 


a 


Motors, Inc., 6718 McKinley Avenue, Los 
Angeles. 


MENADUE, FREDERICK B. (F M) chief chem- 
ist, technical superintendent, Barnet Glass 
Rubber Co., Ltd., Footscray, Melbourne, 
Australia. 


MICLAVEZ, Enrico (M) field service repre- 
sentative, General Motors Near East S/A, 
Alexandria, Egypt; (mail) Rue Bolana- 
chi 6. 

MILLS, RopertT C. (A) superintendent, Man- 
ufacturers Foundry Co., Waterbury, Conn. 


MITCHELL, WILLIAM C. (M) lubricating en- 
gineer, General Motors Corp., Detroit. 


Mopr. Morris J. (J) automotive depart- 
ment, engineer, Shell Oil Co., 200 Bush 
Street, San Francisco. 


MONTGOMERY, ROBERT O., (S M) first lieu- 
tenant. U. S. A., 17th Field Artillery, 
Fort Bragg, N. C. 


MORTIMER, JAMES BENZIES (A) General Mo- 
tors Products of Canada, Ltd.. Vancou- 
ver, B. C., Canada; (mail) 1705 Tenth 
Avenue, West. 


MUTHER, WALTER P. (M) president, Muther 
Mfg. Co., 44 Binford Street, South, 
Boston (mail) 25 Atwood Street, Wel- 
lesley, Mass. 


NEwWEY, DANIEL H. (A) plant 
Thompson Products, Inc., 7881 
Avenue, Detroit. 


PAYNE, Matr (F M) consulting engineer, 
Clayton Dewandre Co., Ltd.. Lincoln, 
England; chairman, British Thermostat 
Co., Ltd., London, England; (mail) 50 
Hook Road, Surbiton, Surrey, England. 


PETZE, CHARLES Lovts, JR. 
assistant, Massachusetts Institute of 
Technology, Cambridge, Mass.; (mail) 

a eee Illinois Avenue, Atlantic City, 


engineer, 
Conant 


(M) research 


RAINVILLE, WALTER STEWART, JR. (J) equip- 
ment engineer, rolling stock and shops 
department. New Orleans Public Service 
Inc., 3233 Magazine Street, New Orleans. 


RASMUSSEN, THEODORE R. (A) mechanic, 
M. J. Kane, Seattle, Wash.; (mail) 6618 
Dayton Avenue. 


REPPERT, CLARENCE A. (A) draftsman, jig 
and fixture designing department, Fokker 
Aircraft Corn. of America, Glendale. Mar- 
shall Co., W. Va.; (mail) Box 239. 


Rick, CHARLES M., Jr. (J) 9 
Street, Worcester, Mass. 


RIGHTER, WALTER H. (J) draftsman, Kin- 
ner Airplane & Motor Corp., Glendale, 
Calif.; (mail) 2048 Watson Street. 


RoBINSON, DAyTOoN H. (A) representative, 
automobile division, Westinghouse Air 
Brake Co., Wilmerding, Pa.; (mail) 3812 
West 135th Street, Cleveland. 


Rocan, THomas F. (M) chief inspector, 
Continental Motors Corp., 12801 East 
Jefferson Avenue, Detroit. 


Bowdoin 


RoGerRs, CHARLES (M) service engineer, 
Cadillac Motor Car Co., 2860 Clark 
Avenue, Detroit; (mail) 14643 Ashton 
Boulevard. 


Rootes, WILLIAM Epwarp (A) managing 
director, Rootes, Ltd., Devonshire House, 
Piccadilly, London, W. 1, England. 


RuMNY, WILLIAM M., Jr., (J) sales, engi- 
neering department, Timken-Detroit Axle 
Co., 100 to 400 Clark Avenue, Detroit. 


RuSINOFF, SAMUEL E. (M) assistant chief 
draftsman, body engineering division, 
Durant Motors, Elizabeth, N. J.; (mail) 
271 Goldsmith Avenue, Newark, N. J. 
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St. JOHN, FRANK (M) research engineer- 
ing, Bendix Aviation Corp., 105 West 
Adams Street, Chicago; (mail) 4-129 
General Motors Building, Detroit. 


SCHAEFER, WILLIAM H. (A) manufacturers’ 
sales representative, Goodyear Tire & 
Rubber Co., Inc., 154 East Eagle Street, 
Buffalo. 


ScHEER, SERGE (J) engineer, Bedford Petro- 
leum Co., 82 Avenue des Champs Elysees, 
Paris, France. 


SCHNEIDER, ADOLF G. (M) designer, Lycom- 
ing Mfg. Co., Williamsport, Pa.; (mail) 
2617 Grand Street. 


SCHROEDER, KARL (J) managing director, 
Durkopp-Werke, Bielefeld, Germany; 
(mail) Ulmen-Allee lla. 


SEECK, FERDINAND W. (A) president, Seeck 
Differential Co., Lebanon, Ore. 


Servais, F. P. (M) research engineer, 
Chrysler engineering department, Chrysler 
Corp., Detroit: (mail) 18000 Muirland 
Avenue. 


Supa, JOHN E. (M) vehicular equipment 
supervision, Continental Baking Co., 285 
Madison Avenue, New York City; (mail) 
31 Linden Avenue, Mount Vernon, N. Y 


SILVERMAN, I. (M) chief chemist, Belleville 
works, L. Sonneborn Sons, Inc., New York 
City: (mail) L. Sonneborn Sons, Belle- 
ville, N. J. 

SINNING, Lewis G. (J) manager, purchas- 
ing, planning, Stearman Aircraft Co., Box 
1158, Wichita, Kan. 


SKLAREK, CLIFFORD (A) vice-president, Lor- 
raine Corp., 341 East Ohio Street, Chi- 
cago. 


SLAGE, ALFRED M. (M) designing engineer, 
Ames Iron Works, Oswego, N. Y. 


SPEED, RONALD DouGLas (J) works foreman, 
Robertson & Moss (Proprietary), Ltd., 
Cape Town, South Africa; (mail) 13 Ben- 
nett Street. 


STACKPOLE CARBON Co. (Aff.) St. Mary’s, 
Pa.: Representative: Conrad, H. S., vice- 
president. 

STERN, BERNHARD (M) assistant to stand- 
ards engineer, Chrysler Corp., Detroit; 
(mail) 17201 Petoskey Avenue. 

STEARMAN, LLoyp (M) president, director, 
Stearman Aircraft Co., Wichita, Kan.; 
(mail) 328 North Pershing. 

STRICKER, ADAM K., JR. (J) junior engineer, 
Cadillac Motor Car Co., Detroit. 

STOVER, FRANK B. (A) general manager, 
secretary, Heywood Starter Corp., 6547 
St. Paul Avenue, Detroit. 

SrrouD, WILLIAM RICHARD (A) truck in- 
spector, Van Sciver Corp., 24th Street 
and Parkway, Philadelphia; (mail) 947 
Seattergood Street. 

SueimotTo, Osamu (M) engineer, lieutenant 
commander, Japanese Naval Inspectors’ 
Office, 1 Madison Avenue, Room 212, New 
York City. 

THOLAND, N. K. G. (A) mechanical en- 
gineer, Ekstrand & Tholand, 1 East 42nd 
St., New York City. 

THOMAS, CLIFFORD WILLIAM (F. M) mem- 
ber of mechanical engineers staff, mechan- 
ber of mechanical engineer staff, Mechani- 
cal Engineers Branch, Public Works De- 
partment, Government Building, Welling- 
ton, New Zealand. 


THOMPSON, HENRY H. (M) general engi- 
neer, aviation activities, Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 

THORNE, NIBLACK (A) secretary, treasurer, 
Thorne Motor Corp., 46147 West 65th 
Street, Chicago. 

Topp, JAMES F.. (A) general sales manager, 
General Motors Near East S/A, P. O. 
Box 13, Minet-el-Bassal, Alexandria, 
Egypt. 


TOWNHILL, ARTHUR (J) research engineer, 


United States Aluminum Co., Cleveland; 


(mail) 878 Helmsdale Road, Cleveland 
Heights. 





TuBBs, E. J. (M) chief engineer, Cleveland 
Steel Products Corp., 7306 Madison 
Avenue, Cleveland. 

UNIVERSAL Motor Co. (Aff.) Harrison 
Street, Oshkosh, Wis.; Representative: 
Eck, J. B., vice-president, general man- 
ager. 

VIRIOT, CHARLES A. (A) _ vice-president, 
Silentbloc, Inc., 2-133 General Motors 
Building, Detroit. 

VoetT, Cart J. (M) instructor, mechanical 
engineering, University of California, 
Berkeley, Calif. 

WALWORTH, WILLIAM M. (J) _ physical 
laboratory, engineering department, Reo 
Motor Car Co., Lansing, Mich.; (mail) 
1001 West Hillsdale Street. 

WATERHOUSE, WILLIAM ERNEST (A) general 
supply manager, Vauxhall Motors, Ltd., 
Luton, Beds, England. 

WEBB, JERVIS B. (M) president, Jervis B. 
Webb Co., 2921 East Grand Boulevard, 
Detroit; Huron Forge & Machine Co., 
9041 Alpine Avenue, Detroit; (mail) 
Jervis B. Webb Co. 

WEBB, WALLACE GEORGE (F M) engineer, 
works superintendent, E. Eager & Son, 
Ltd., Newstead, Brisbane, Queensland, 
Australia: (mail) Tor View, Cavendish 
Road, Coopraroo, Brisbane, Queensland, 
Australia. 

WeEPFKsS, H.C. (A) new car service foreman, 
Chase Garfield Motor Co., Portland, Ore 
(mail) 1312 Delaware Avenue. 

WHITE, Harry Hatt (M) assistant to re- 
pair service manager, The White Co., 842 
East 79th Street, Cleveland. 

WHITTELSEY, H. NEWTON (M) president, 


Whittelsey Mfg. Cw.; Inc., Howard 
Avenue and Spruce Street, Bridgeport, 
Conn. 


Woops, “Dick” S. (M) chief, engineerin 
division, Craveroiler Co. of America, 452 
Tacony Street, Philadelphia. 

YIN, CHo-LAN (J) Hugo Reiss & Co., 15 
Museum Road, Shanghai, China. 
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Baits, STUART G., chief engineer, Hudson 
Motor Car Co., Detroit. 


BAKER, GORDON C., weight control engineer, 
Curtiss Aeroplane & Motor Co., Garden 
City, N. Y 


Bock, CARL F., parts manager, Twin City 
Chevrolet Co., Lewiston, Idaho. 


BorpING, WILLIAM E., chairman of board, 
Boeing Airplane Co., Seattle, Wash. 


BREESE, VANCE, president, Breese Aircraft 
Corp., Portland, Ore. 


Brown. Horace W., owner, Horace W. 
Brown, Cadillac Agent, Haverhill. Mass. 


Buck. Roy R., designing draftsman, A. O. 
Smith Corp., Milwaukee. 


3URKHARDT, CONRAD C. C., engineer, de- 
velopment engineering division, Baldwin 
Locomotive Works, Philadelphia. 


BurRNS, WILLIAM J., assistant foreman, 
Simons Stewart & Foy, New York City. 


BuRRELL, GILBERT, draftsman, Olds Motor 
Works, Lansing, Mich. 


CHAPLINE, GEORGE F., service director, 
Wright Aeronautical Corp., Paterson, 
N. J. 


CoLeE, JOHN S., mechanical engineer, The 
Texas Co., Bayonne, N. J 


Crist, GEORGE W., sales engineer, Cleveland 
Graphite Bronze Co., Detroit. 


CULLOM, KENNETH S., experimental test en- 
gineer, internal combustion, E. W. Bliss 
Co., Brooklyn, N. Y. 


CUNNINGHAM, MARION MorGAN, director of 
field service, Bendix Brake Co., South 
Bend, Ind. 


DALSACE, PIERRE MICHEL, temporarily tool- 
maker, Hudson Motor Car Co., Detroit. 


DENT, Roy O., assembler, Wright Aero- 
nautical Corp., Paterson, N. J. 


Dick, CHARLES L., garage manager, Ben- 
netts Garage, Inc., Lewiston, Idaho. 


Diver, BERTICE M., general hustler, Bertice 
M. Diver, 810 Stephenson building, 
Detroit. 


DUESTERHOEFT, C., designing draftsman, 
A. O. Smith Corp., Milwaukee. 


EASTMAN, J. H., research engineer, Detroit 
Aircraft Corp., Detroit. 


EKSERGIAN, C. L., chief engineer, Budd 
Wheel Co., Detroit. 


ELLIoTT, H. A., vice-president and opera- 
tions manager, Pitcairn Aviation Inc., 
Brooklyn, N. Y. 


FIELDER, JAMES, chief of technical staff, 
National Roads and Motorists Associa- 
tion, Sydney. New South Wales, Australia. 


Fox, Merritr L., manager of research, 
Houde Engineering Corp., Buffalo. 


HARLow, Max B., chief engineer, Bach Air- 
craft Co., Inc., Van Nuys, Calif. 


Hart, Horace T., quality man, Budd Wheel 
Co., Detroit. 


HAVILL, CLINTON HUNTER, director of re- 
search, Bendix Aircraft Corp., East 
Orange. N. J. 


HAZARD, ALBERT C., engineer, General 


Motors of Canada, Ltd., Walkerville, Ont., 
Canada. 


Applicants for Membership 





The applications for membership re- 
ceived between August 15 and Septem- 
ber 15, 1929,. are listed below. The 
members of the Society are urged to 
send any pertinent information with re- 
gard to those listed which the Council 
should have for consideration prior to 
their election. It is requested that such 
communications from members be sent 
promptly. 








HAZEN, FREDERICK W., vice-president in 
charge of production, Whittelsey Mfg. Co., 
Bridgeport, Conn. 


HEATH, GORDON C., garage superintendent, 
Arctic Dairy Products Co., Detroit. 


HBGINBOTTOM, WALTER G.. superintendent, 
Marvel Carbureter Co., Flint, Mich. 


HENDERSON, WILLIAM ALEXANDER. vice- 
president, sales and engineering, Hershey 
Division, Houdaille - Hershey Corp., 
Detroit. 


HENSCHEL, LEON, president, 
Motors, Inc., West Orange, N. J 


Henschel 


Hower. RUSSELL T laboratory engineer, 
Pierce-Arrow Motor Car Co., Buffalo. 


HOEKSTRA, HAROLD D., chief airplane engi- 
neer, Crosley Aircraft Co., Sharonville. 
Cincinnati. 


HUBBARD, FRANK SIMMONS. chief engineer, 
Berliner-Joyce Aircraft Corp., Baltimore. 


INGALLS, Davip S., Assistant Secretary of 
the Navy, City of Washington. 


IrRvING, Capt., J. S.. technical director and 
chief engineer, Humber, Ltd., Coventry. 
England. 


JAMES, FRANK S., technical advisor, E. W. 
Bliss Co., Brooklyn, N. Y. 


KELLER, ANSON MorRE, development engineer, 
Firestone Tire & Rubber Co., Akron, Ohio. 


KELLY, RAYMOND D., aeronautical instru- 
ment engineer, American Paulin System, 
Inc., Los Angeles. 


KERBER, LAWRENCE V., president, Spartan 
Aircraft Co., Tulsa, Okla. 


KYLE, JAMES C., field engineer, Bendix 
Brake. Co., South Bend, Ind. 


LEGROS, LAWRENCE 5S., draftsman, Scripps 
Motor Co., Detroit. 


LEMERISE, OTTIE W., aeronautical engineer, 
Air Reduction Sales Co., New York City. 


LERoy. Rospert S., chief pilot, Axelson Air- 
craft Engine Co., Los Angeles. 


LIDDELL, GEORGE J., experimental engineer, 
Houde Engineering Corp., Buffalo. 


LLoyp, ROBERT M., secretary-treasurer, Aero 
Lloyds, Inc., Los Angeles. 


May, V. G., body draftsman, Pierce-Arrow 
Motor Car Co., Buffalo. 


McAULIFFE, CORNELIUS BARTHOLOMEW, 
draftsman, Continental Aircraft Engine 
Co., Detroit. 


McGHAN, WILLIAM ADDISON, instructor of 
airplane engine mechanics, United States 
Marine Corp., City of Washington. 


MEHL, BERNHARD MARTIN, assistant engi- 
neer, Oliver Farm Equipment Co., Battle 
Creek, Mich. 





MENTON. MARTIN. in charge of body-tool 
engineering, Le Baron-Harper, Detroit. 


NEUMANN, MAXWELL M., draftsman, Chrys- 
ler Corp., Detroit. 


NOMAGUCHI. KANENOVI, designer. automo- 
tive department, Tokyo Gas & Electric 
Engineering Co.. Yawata, Omori, Tokyo. 
Japan. 


Orr. FRANK J., devising motor-vehicle in- 
spector, New Jersey Bell Telephone Co., 
Newark, N. J. 


PauL, A. C.. general sales manager, Auto- 
mobiles Bugatt Nolsheim, Bas Rhin. 
France. 


PIERLE, HENRY C.. secretary and sales man- 
ager. R. K. LeBlond Machine Tool Co., 
Cincinnati. 


PIWONKA, WILLIAM G., engineer. Cleveland 
Railway Co., Cleveland. 


Puppy, BEVERLEY B., student, University of 
Toronto, Toronto, Ont., Canada. 


PurDY, ALVIN CANFIELD. general partner, 
Bull & Roberts, New York City. 


RAMEY, ALAN A., salesman, Lewiston Motor 
Supply Co., Lewiston, Idaho. 


ROWAT, GEOFFREY H., sales engineer, Cana- 
dian SKF Co., Toronto, Ont., Canada. 


RAWDON, HERBERT, chief engineer, Travel 
Air Co., Wichita, Kan. 


RENNEE. R. REX, aeronautic sales engineer, 
Air Reduction Sales Co., New York City. 


RIgGEL, F. ALEXANDER. General Motors Ex- 
port Co. representative at Buick Motor 
Co., General Motors Export Division, New 
York City. 


RoGers, Ceci RICHARD, in charge of travel- 
ing service school, General Motors South 
Africa, Ltd., Port Elizabeth, South Africa. 


Rosa, JOHN T., service supervisor, Graham- 
Paige Motor Corp., Detroit. 


RowkE, EDWARD WILLIAM THOMAS, senior 
assistant to technical advisor, National 
Roads and Motorists Association, Sydney, 
Australia. 


SAMUEL, TED. detail draftsman, Kinner Air- 
plane & Motor Corp., Glendale, Calif. 


SEILER, FREDERICK E., Jr.. chief engineer, 
Kellett Aircraft Co., Philadelphia. 


SHRIBR, EMERSON NELSON, instructor in 
automotive mechanics, Windsor-Walker- 
ville Technical School, Windsor, Ont.. 
Canada. 


SJOHOLM, KNuT EINAR, draftsman, Fisher 
Body Corp., Detroit. 


STAPLES, CHARLES W., associate engineer, 


Bureau of Standards, City of Washington. 


TEN Eyck, JOHN CONOVER, JR., sales man- 
ager. Standard Steel Propeller Co., Home- 
stead, Pa, 


TREES, L. W., sales and service engineer, 
Scintilla Magneto Co., Inc., Sidney, N. Y. 


WEBER, C. W.. automotive engineer, The 
Texas Co., Merion, Pa. 


WILLIAMS, ROBERT NORWOOD. special motor- 
truck sales, International Harvester Co., 
Nashville, Tenn. 


WINTER, HERBERT G., aeronautic engineer 
in charge of design, Stout Engineering 
Laboratory, Inc., Dearborn, Mich. 


WOLLNER, HANS, tool-design checker, 
Graham-Paige Motor Car Corp., Detgoit. 
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AIRCRAFT 


Aerodynamic Theory and Test of Strut 
Forms. Report No. 311. By R. H. 
Smith. Published by the Nationa! 
Advisory Committee for Aeronautics, 
City of Washington; 24 pp., illus- 
trated. [A-1] 
The whole study under this title is in 

two parts, only the first of which is 
reported in this booklet. In this part 
the symmetrical inviscid flow about an 
empirical strut of high service-merit is 
found by both the Rankine and the 
Joukowsky methods. The results, it is 
said, can be made to agree as closely 
as desired. Theoretical stream _ sur- 
faces as well as surfaces of constant 
speed and pressure in the fluid about 
the strut are found. The surface pres- 
sure computed from the two theories 
agrees well with the measured pres- 
sure on the fore part of the model but 
not so well on the after part. From 
the theoretical flow-speed the surface 
friction is computed by an empirical 
formula. The drag integrated from the 
friction and measured pressure closely 
equals the whole measured drag. As 
the pressure drag and the whole drag 
are accurately determined, the friction 
formula also appears to be trustworthy 
for such fair shapes. 


Vom Eiseneindecker zum Duralumin- 
grossflugboot. Published in Illustvri- 
erte Flug-Woche, No. 5/6. 1929, p. 
81. [A-1] 
Thanks to a complete series of unus- 

ually excellent photographs, this ar- 

ticle will convey even to those unable 
to read German its impressive story of 
the progress in metal airplane con- 

struction in Germany from 1915 to 1929. 

The range of this progress is indicated 

in the words of the title, From Iron 

Monoplane to Giant Duralumin Fly- 

ing-Boat. The aircraft shown are for 

the most part of Dornier, Junkers and 

Rohrbach make. Each illustration is 

accompanied by a brief note giving the 

outstanding historical and _ technical 
facts about the model pictured. 


Deutsche Verkehrsflugzeuge. By Erich 
Gossow. Published in Zeitschrift des 
Vereines Deutscher Ingenieure, May 
4, 1929, p. 597. [A-1] 


Characterizing 1928 and 1929 as jubi- 
lee years for German commercial avia- 
tion, the author has compiled a table 
of pertinent statistics and cites a few 
outstanding performances to support 
his contention. Steps in preparation for 
a further expansion of air transporta- 
tion are also mentioned. Safety artd 
economy are said to be the twin watch- 
words of the development. 


Notes and Reviews 





These items, which are prepared by the 
Research Department, give brief descrip- 
tions of technical books and articles on 
automotive subjects. As a general rule, 
no attempt is made to give an exhaustive 
review, the purpose being to indicate what 
of special interest to -the automotive in- 
dustry has been published. 

The letters and numbers in brackets 
following the titles classify the articles 
into the following divisions and subdivi- 
sions: Divisions—A, Aircraft; B, Body; 
C, Chassis Parts; D, Education; E, En- 
gines; F, Highways; G, Material; H, 
Miscellaneous; I, Motorboat; J, Motor- 
coach; K, Mbotor-Truck; L, Passenger 
Car; M, Tractor. Subdivisions—1, De- 
sign and Research; 2, Maintenance and 
Service; 3, Miscellaneous; 4, Operation; 
5, Production; 6, Sales. 





While a few wooden aircraft have 
been built in the last two years, inter- 
est has centered for the most part on 
mixed construction, such as steel tubu- 
lar framework covered with wood or 
sheet metal, and all-metal construc- 
tion. References are given to previously 
published accounts of some of the 
newer aircraft, and the most recent 
commercial airplanes, products of the 
Arado, Fokker-Wulf, Bayerische, Dor- 
nier and Rohrbach companies are de- 
scribed. 


Sphere Drag Tests in the Variable Den- 
sity Wind Tunnel. By Eastman N. 
Jacobs. Technical Note No. 312. Pub- 
lished by the National Advisory 
Committee for Aeronautics. City of 
Washington; 10 pp., illustrated. 

[A-1] 


The Formation of Ice upon Airplanes in 
Flight. By Thomas Carroll and Wil- 
liam H. McAvoy. Technical Note No. 
313. Published by the National Ad- 
visory Committee for Aeronautics. 
City of Washington; 13 pp., illus- 
trated. [A-1] 


Spiral Tendency in Blind Flying. By 
Thomas Carroll and William H. Mc- 
Avoy. Technical Note No. 314. Pub- 
lished by the National Advisory 
Committee for Aeronautics. City of 
Washington; 30 pp., illustrated. 

[A-1] 


Wind Tunnel Tests on a Model of a 
Monoplane Wing with Floating Ailer- 
ons. By Montgomery Knight and 
Millard J. Bamber. Technical Note 


436 


No. 316. Published by the National 
Advisory Committee for Aeronautics. 
City of Washington; 13 pp., illus- 
trated. [A-1] 


Aerial Navigation and Meteorology. 
By Lewis A. Yancey. Published by 
the Norman W. Henley Publishing 
Co., New York City; 316 pp., illus- 
trated. [A-4] 
The navigator of the Pathfinder, 

which flew from Old Orchard, Maine, to 
Rome in July of this year, presents in 
this volume, not personal nor historical 
but practical, reminiscences based on 
more than 15 years’ experience. Cap- 
tain Yancey is a recognized authority 
on aerial navigation and meteorology 
and has lectured on and taught these 
subjects for the last two years. He 
also holds an unlimited master mari- 
ner’s license. 

The treatise is comprehensive yet 
written in a simple style for “the aver- 
age man” and contains the practical 
information needed by students and 
pilots and required for the Department 
of Commerce examinations. Mapping 
of the course, reading of charts, use of 
instruments, cross-country flying, me- 
teorology and the Air Commerce Regu- 
lations are some of the more important 
subjects covered. A glossary of tech- 
nical terms employed in aviation is an- 
other valuable feature. 

The book should be an important step- 
ping stone toward the author’s goal of 
greater comfort, efficiency and safety 
for those who choose practical flying 
for a career. 


Technical Memoranda Nos. 523, 526, 
527, 528, and 529. Published by the 
National Advisory Committee for 
Aeronautics, City of Washington. 

[A-5] 

The following translatiors were is- 
sued during August and September: 
Autogenous Welding in Airplane Con- 

struction. By Ludwig Kuchel. Trans- 

lated from Schweissen, Schneiden und 

Metallspritzen mittels Acetylen, 1927. 
Metal Construction Development. By 

H. J. Pollard. 

Part I. General Strip Metal Con- 
struction—Fuselage. Reprinted from 
Flight, Jan. 26 and Feb. 23, 1928. 

Part II. Strip Metal Construction— 
Wing Spars. Reprinted from Flight, 
March 29 and May 31, 1928. 

Part III. Workshop Practice, Strip 
Metal Construction—Wing Ribs. Re- 
printed from Flight, June 21, July 19, 
Oct. 25 and Dec. 27, 1928. 

Part IV. Moments of Inertia of Thin 
Corrugated Sections. Reprinted from 
Flight, April 25, 1929. 

(Continued on next left-hand page) 
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DONNER STEEL COMPANY 


Ine. 


Manufacturers of 


ALLOY and CARBON 
STEELS 


Open Hearth and Electric Furnace Processes 


Made to S. A. E. Standard Specifications 


Die Rolled Parts 


such as 


Rear Axles, Drive Shafts and 
Forging Blanks 


for the 


eT 


Automotive and General 


Trade 
Cold Drawn Bars 


FEET EI SE OTE IME 


Our every modern facility, coupled with 
1 the earnest desire of our organization to 
cooperate, enables us to serve you well. 


Your inquiries are solicited. 


DONNER STEEL CO., Inc. 
W orks and General Offices, Buffalo, N. Y. 


New York: Equitable Bldg. Detroit: General Motors Bldg. 
Philadelphia: Morris Bldg. 
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The Airplane and Its Engine. By Charles Hugh Chatfield 
and Charles Fayette Taylor. Published by McGraw-Hill 
Book Co., Inc., New York City; 329 pp., illustrated. [A-1] 
This treatise on the modern airplane fills the gap which, 

in spite of the steadily increasing volume of literature on 

aircraft, exists between the essentially popular and the 
highly technical material. It has been written for the 

“intelligent middle-class aeronautical readers” who, the au- 

thors feel, have been neglected while “the multitude” and 

“the élite” have been provided for. 

The book is confined to the modern airplane, avoiding 
the historical and omitting other types of aircraft which 
at present are of secondary importance. The essential 
parts of the airplane are described and illustrated and the 
principles of their construction explained without recourse 
to involved mathematics. Separate chapters are devoted 
to The Wing, Airfoil Arrangements, Fuselage and Landing- 
Gear, The Airplane Engine, and The Propeller. Airplane 
performance, maneuvers and construction are discussed and 
the various types of plane are described and shown in 


- engravings. 


Aircraft Detectors and the Anti-Aircraft Problem. By 
H. B. Ely. Published in Journal of the Franklin Institute, 
June, 1929. [A-1] 
Captain Ely describes the mechanism and operation of 

the sound locator that came into existence during the Great 

War as a means of defence against night attacks by air- 

craft. 

In conjunction with the ears, the sound locator depends 
for its action on what is called the binaural phase-effect. 
The ability of the ears and brain to determine direction 
acoustically is called the binaural sense; the effect of the 
sound-wave on the ears is called the binaural phase-effect. 
Atmospheric corrections are applied to the readings, as 
made by five or six operators using the locator simultan- 
eously, to reduce the possible error due to the human ele- 
ment. The sound locator is used in conjunction with a 
60-in. searchlight as a finder for the directing of the light 
beam. The sound locator and searchlight, separated by a 
distance of several hundred feet, are connected electrically 
through a control box called the comparator. Small syn- 
chronous electric motors transmit to the comparator the 
anglar settings of both the sound locator and the search- 
light. At the comparator also is the remote controller 
for the light. By using this controller, the operator simply 
keeps two pointers matched, and the searchlight follows 
the direction indicated by the sound locator. 

The sound locator has a range of 10 to 15 miles, and the 
searchlight a range of 5 to 7 miles. Therefore, ample time 
is afforded the listeners to ascertain the plane’s course and 
set the light before the plane comes within range of the 
beam. 


CHASSIS PARTS 


Motor Vehicles and Tractors. By P. M. Heldt. Published 
by P. M. Heldt, Nyack, N. Y.; 678 pp. [C-1] 
The author of this book needs no introduction. His series, 

The Gasoline Automobile, is well known and widely used for 
study and reference. The present volume takes the place of 
Vol. II of that series, of which four previous editions have 
been published. The author gives, as his reasons for issu- 
ing this book under a new title, that the scope has been nar- 
rowed in one respect in that it no longer deals with pro- 
duction but with design only, and is expanded on the other 
hand to include a great bulk of new material on heavy 
commercial vehicles and agricultural tractors. 

The same general division of the material as in the old 
volume has been retained; however, several new chapters 
have been introduced on subjects that have attained impor- 
tance recently, such as the six-wheeled commercial vehicle 
chassis, front-wheel and four-wheel drives and independent 
suspension. Another chapter deals with gasoline-electric 





(Continued on next left-hand page) 
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drives, which have achieved a considerable degree of popu- 
larity with operators of large fleets of motorcoaches. The 
chapter on Agricultural Tractors outlines the usual forms of 
construction and gives experience constants for most of the 
more important working parts. A chapter is also devoted 
to the latest developments in the principles governing the 
setting of allowances and tolerances for parts in inter- 
changeable manufacture. 


The book is an invaluable addition to the literature on 
chassis design. 


ENGINES 
Internal-Combustion Engines. By Robert L. Streeter and 
Lester Clyde Lichty. Third edition. Published by Mc- 


Graw-Hill Book Co., Inc., New York City; 445 pp., illus- 
trated. [E-1] 


This book, originally prepared in 1915 as a textbook 
from accumulated notes for a course in gas-engine and oil- 
engine design, is now in its third edition. It is written with 
the assumption on the part of the author that the reader 
has studied thermodynamics and mechanics. 


In the revision, each subject has been approached with a 
treatment of the underlying principles as they are now 
understood. A number of chapters of the previous edition 
have been omitted and chapters on Engine Lubrication, 
Valves and Valve Mechanisms, and Engine Balance and 
Vibration have been added. Other chapters have been re- 
written to bring them up to date. In view of the current 
interest in the liquid-fuel engine of automobile and aircraft 
types, this type of engine is given a paramount place 
throughout the volume, with the exception of that part of 
the book dealing with Design, in the chapters of which com- 
paratively few changes have been made. 


Sur lAllumage par Batterie des Moteurs a Explosion. By 
M. J. Bethenod. Published in Journal de la Société des 
Ingénieurs de l’ Automobile, June, 1929, p. 650. [E-1] 


The author’s aim is to give to formulas regarding the 
operation of electric batteries a physical interpretation 
applicable to their use for automotive ignition. 


He presents first the formula expressing the increase in 
the strength of the induced current of a closed circuit with 
time. He shows how this law affects an automotive bat- 
tery, rendering the induced current weaker as engine speed 
increases. This is illustrated by an oscillogram of the cur- 
rent of a Paris-Rhéne battery for different engine-speeds 
from 1020 to 3520 r.p.m. 


The second step in the analysis is to emphasize the neces- 
sity of guarding against overheating a battery designed to 
furnish sufficient current even at high engine-speeds. The 
influence of engine speed on spark energy is then investi- 
gated. The advisability of rendering the intensity of the 
current at the break independent of the rotating speed of 
the interrupter can be pointed out, and a number of meth- 
ods adopted for attaining this end are reviewed. Finally, 
the author works out a method for determining the coeffi- 
cient of self-induction of the primary winding correspond- 
ing to optimum sparking energy. 


In a concluding paragraph are listed problems concern- 
ing effective battery ignition that still await solution. 


Les Récents Progrés des Appareils d’Allumage pour Auto- 
mobiles. By G. Delanghe. Published in Le Génie Civil, 
July 6, 1929, p. 11. [E-1] 
The three lines along which attempts are being made in 

France to improve automotive ignition are pointed out in 

this article and illustrated by descriptions of recent com- 


| mercial innovations. 


(Continued on next left-hand page) 
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Borg & Beck 
Clutches— long the standard 
equipment of the industry—are 
designed to provide the ultimate 
in performance.... silky 
clutches that provide SPEED 
WITHOUT STRAIN .... 
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look to Borg & Beck first. Super 
engineering service always is 
available for Borg & Beck cus- 
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mechanical perfection can _ bring 
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Aetna Thrust Ball Bearings—by providing 
the utmost in smooth operation and fric- 
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parts. Aetna Bearings have 
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ufacturers for years. 
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A brief review is given of battery and magneto-ignition 
principles which are the basis for the decreasing effective- 
ness of the former and the increasing effectiveness of the 
latter with increasing engine-speed. Besides its feebleness 
at low engine-speeds, the magneto as generally constructed 
abroad is subject to frequent breakages which can be re- 
paired only by an expert since its most fragile and com- 
plicated part, the armature, revolves. Constantly increas- 
ing engine-speeds have created, therefore, a serious situa- 
tion for magneto ignition. A way out has been found; that 
is, designing the magneto so that its more robust part, the 
magnet, revolves. 


Improvements in battery ignition have lain in the direc- 
tion of rendering the sparking energy independent of speed. 
The third expedient for improving ignition has been more 
radical; it is the design of a device in which the elements of 
both the former systems are present, so that their comple- 
mentary characteristics can be utilized. 


Illustrating the three avenues of progress, the author de- 
scribes the Scintilla magneto, the Paris-Rhéne battery igni- 
tion, and the mixed Alco system of the Société pour |’Equip- 
ment Electrique des Véhicules (S.E.V.). 


Moteur Diesel, Systeme Linke, pour Automobiles. By G. 
Delanghe. Published in Le Génie Civil, June 29, 1929, 
p. 619. [E-1] 
A fuel-feeding system in which the fuel-pump is united 

in one piece with the injection valve and mounted directly 

on the cylinder is pointed out as the most distinct innova- 
tion in this Diesel engine designed for automotive use. All 
intermediary piping, together with its interference in the 
regularity of the function of charging, is thus dispensed 
with, according to the claims made in this article. 
Operating on the four-stroke-cycle principle, this engine 
has a normal speed of 1200 r.p.m, which may be increased 
to 1600 or lowered to 200 r.p.m. Weight of the engine is 
said to be almost of the same order as that of the gasoline 
engine, the 50-hp. type, amounting to about 925 lb., not in- 
cluding the flywheel. The electric self-starter is described 
and power and fuel consumption curves obtained from 
bench tests are given. An identical engine has been in 
regular operation for some time, propelling a truck with 


* about 2500 kg. payload (about 2% tons). A speed of about 


25 m.p.h. has been maintained. Fuel and lubricant con- 
sumption figures are given. 


Dyke’s Automobile Engine and Gasoline Encyclopedia. By 
A. L. Dyke. Published by the Goodheart-Willcox Co., Inc., 
Chicago, 1232 pp., illustrated. [E-3] 
The fifteenth edition of this well-known reference volume 

is now available. The book has been completely revised, 

with additions including an insert covering the Model-A 

Ford. 


MATERIAL 


Viscosity of Diesel Engine Fuel Oil under Pressure. By 
Mayo D. Hersey. Technical Note No. 315. Published by 
the National Advisory Committee for Aeronautics, City of 
Washington; 8 pp., 4 figures. [G-1] 
In the development of Diesel-engine fuel-injection systems 

an approximate knowledge of the absolute viscosity of the 

fuel oil under high hydrostatic pressures is necessary. The 
report on this subject has been prepared by the Special 

Research Committee on Lubrication of the American So- 

ciety of Mechanical Engineers at the request of the National 

Advisory Committee for Aeronautics, and presents the 

results of experimental tests conducted by Jackson Newton 

Shore, utilizing the A.S.M.E. high-pressure equipment. 


The Distribution and Velocity of the Corrosion of Metals. 
By Ulick R. Evans. Published in Journal of the Franklin 
Institute, July, 1929, p. 45. {[G-1] 


(Continued on next left-hand page) 
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Your customer will 
appreciate the mental satisfac- 
tion of knowing that his car is 
properly protected under all 
circumstances. 


C G or Biflex Bumpers — now 
standard equipment on many 
fine cars —are worthy of your 
investigation. 


Harmonious in line and sturdy 
in construction —they will add 
striking force to your sales 
campaign. 


General Spring Bumper Corporation, Detroit, Mich. 
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In a lecture delivered at the Franklin Institute in Feb- 
ruary, 1929, a brief account was given of some recent re- 
searches conducted at Cambridge University, England, on 
The Corrosion and Passivity of Metals. The present paper 
is an attempt to summarize the main conclusion reached in 
the lecture, and then to suggest how the principles arrived 
at may be extended to the consideration of the velocity 
of corrosion. 


Variations de la Température d’Allumage Spontane des Car- 
burants Additionnés de Pourcentages Variables de 
Différentes Substances. By A. Grebel. Published in 
Le Génie Civil, Aug. 3, 1929, p. 110. [G-1] 


In his investigation of the knocking characteristics of 
liquid fuels the author accepted as a starting point the the- 
orem that, in general, the higher the temperature of spon- 
taneous ignition of any fuel is, the lower is the compression 
ratio to which it can submit without causing knocking in the 
engines. Using a Moore apparatus as modified in the Krupp 
laboratories, he therefore made determinations of the spon- 
taneous-ignition temperatures of a fuel with various quan- 
tities of different substances added to it. 


To make his results more practically applicable, the inves- 
tigator used commercial gasoline as the basic fuel, although 
he admits that, for a purely scientific research, some sub- 
stance such as heptane would be preferable. His work has a 
wider range than that of most investigators, since the addi- 
tions of other substances were made, not only in small 
amounts, but in percentages varying from 0 to 100 per cent. 
Some unforeseen results were obtained; for instance, tetra- 
ethyl lead and motyl, used as antidetonants in this Country 
and Germany respectively, were found to be strongly deto- 
nating in large percentages and in the pure state. 


Three types of substance were used in the experiments: 
those closely related to gasoline; substances different from 
gasoline which are not organic metallic compounds; and or- 
ganic metallic compounds. In the first class the line repre- 
senting the effect of increasing additions of the substance 
on the spontaneous-ignition temperature is broken at one 
place; in the second, at two places; and in the third, at three 
places. 


Die Bearbeitbarkeit verschiedener Baustahle des Kraft- 
wagenbaues. By A. Wallichs and K. Krekeler. Published 
in Stahl und Eisen, No. 22, 1929, p. 793. [G-1] 


As a supplement to earlier researches, carried out in 1926 
and 1927, on machinability, the authors pursued the inves- 
tigation, which was completed in 1928 and is described in 
this article. Enlightenment was sought on three questions: 
Are the alloy steels used in the United States for auto- 
motive construction more easily machined, and hence a 
factor in cheaper construction, than the steels used for 
the same purposes in Germany? How is the machinability 
of a steel affected by variations in chemical composition 
within the range permitted in the standards specifications? 
and, What, in general, is the comparison between the ma- 
chinability of alloyed and unalloyed steels? 


S.A.E. Steel No. 5140 was selected for the experiments as 
typical of chromium steels, and S.A.E. Steel No. 4140 to 
represent chromium-molybdenum steels. A manganese steel 
and a series of unalloyed steels were included. 


In summing up their findings, the authors state that the 
difference in machinability between American-used and Ger- 
man-used steels of the same strength was found to be neg- 
ligible; that for all materials, alloyed and unalloyed, varia- 
tions in chemical composition allowable under the standards 
specifications did not affect machinability materially; that 
alloyed steels in general were more difficult to machine than 
unalloyed steels, and that in the latter the carbon content 
was an important factor. 


(Continued on next left-hand page) 
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G7ROMBERG 


growing with the automobile 


Years ago when motor cars were 
in the experimental stage Strom- 
berg was experimenting, too, with 
an automobile carburetor. One 
that would be dependable. That 
would fuel the engine at all 
speeds, under all conditions, effi- 
ciently and economically. 


buretors. 


Such a carburetor was developed. 
The difficulties of acceleration 
and climate were overcome. A 
dependable, durable, economical 
carburetor was designed and built. 


STROMBERG MOTOR DEVICES COMPANY 
98-68 E. Twenty-fifth Street, Chicago, Ill. 


Factory Branches 
New York, N. Y. Detroit, Mich. 
Kansas City, Mo. 
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are used as standard equipment 


The automobile world quickly 
recognized the remarkably fine 
performance of Stromberg car- 
With the result that 
today most leading manufacturers 
use Stromberg carburetors as 
standard equipment. 
the industry grows and new cars 
and new engines are developed— 
inevitably builders turn to Strom- 
berg for the solution of their car- 
bureting problems. 


Minneapolis, Minn. 
London, England 


STROMBERG 
CARBURETORS 
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Chrysler Corp. 

Continental Motors Corp. 
Cunningham Son & Co. 
Dodge Bros. Corp. 
(Lincoln) Ford Motor Co. 
H. H. Franklin Mfg. Co. 
Hupp Motor Car Corp. 
Jordan Motor Car Co. 
Locomobile Co. of America, Inc. 
Marmon Motor Car Co. 
Peerless Motor Car Co. 
Pierce-Arrow Co. 

Sayers Scoville Co. 

The Studebaker Corp. 
Windsor Corp. 
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MISCELLANEOUS 


Popular Research Narratives. Vol. III. Collected by the 
Engineering Foundation. Published by the Williams & 
Wilkens Co., Baltimore. 174 pp., illustrated. [H-3] 


This volume adds 50 new tales of discovery, invention 
and research to the Narratives. The process that has 
made possible rapid and accurate contour-mapping from 
the air; the latest developments in radio transmission; the 
use of chromium in the money-making process; the charac- 
teristics of the gyroscope; the ventilation of vehicular tun- 
nels; new materials, new processes, and new uses for old 
materials, are but a few of the subjects covered in these 
entertaining and instructive short stories. Written for the 
general public, they constitute a distinct contribution to the 
cause of scientific research, as John Joseph Carty sets forth 
in the introduction, “because they present to the reader, in 
authentic form, concrete examples of the methods, vicissi- 
tudes and triumphs of scientific research.” 


English and Science. By Philip B. McDonald. Published 
by D. Van Nostrand Co., Inc., New York City, 1929. [H-3] 


The author, who is associate professor of English at the 
College of Engineering, New York University, declares in 
his preface that he has put forth a determined effort to 
present an analysis of English for the professional man— 
in particular the engineer—whose English, he contends, is 
most in need of correction. Few should resist this chal- 
lenge to “see oursilves as ithers see us” or neglect the 
opportunity to review the underlying principles of good 
writing. Style, sentence structure, punctuation, and choice 
of words are discussed, and the last three chapters offer 
suggestions for cultural reading. Of paramount interest 
is the chapter devoted to the writing and presentation of 
a technical paper, part of which has previously appeared in 
pamphlet form. The facts in the book are presented in 
considerably more interesting and readable form than is 
usually adopted for books on this subject. 


American Standards Year Book 1929. Published by Amer- 
ican Standards Association, New York City; 88 pp. [H-3] 


The first Standards Year Book issued since the reorgan- 
ization of the American Engineering Standards Committee, 
now the American Standards Association, is available. 


Remarques Faites dans les Usines d’Automobiles des Etats- 
Unis. By Louis Cuny. Published in Journal de la Société 
des Ingénieurs de lV Automobile, June, 1929, p. 712. 

[H-5] 

Recently returned from a tour of the northeastern part 

of this Country, the author here endeavors to distinguish 

the items of superiority which accounts for the greater 

prosperity of the American automotive industry as com- 
pared with that in France. 


He concedes due credit to production departments, with 
their time and motion studies; simplicity of design; and the 
high degree of mechanization; and emphasizes also that 
machine production makes for precision and interchange- 
ability. The abundance of capital, making possible researches 
which yield productive results; the fostering of the machine- 
tool industry by the automotive industry and large-scale 
production are given their places in the picture. Most 
emphasis, however, is placed on the character of the work- 
man, his voluntary discipline, the confidence between him and 
his employer, his spirit of cooperation with his fellow- 
workmen, his independence of labor and political agitations, 
his pride in his task, and, finally, his higher moral condition 
due to prohibition and more hours of leisure. 


Suggestions as to the movements which should be fostered 
in France to enable the automotive industry there to catch 
up with its American counterpart occupy the second part 


(Concluded on next left-hand page) 
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An (mportant 
| addition to our line 
ot MOTORSTATS 


After more than four 
years of development, 
backed by the experi- 
ence of 15 years in the 
production of thermo- 
static controls, we 
have placed in pro- 
duction a thermo- 
stat which has all 
of the advantages 
of our present poppet 
types together with 
numerous special fea- 
tures which for many 
applications are of par- 
ticular merit. 
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Fully covered by U. S. Patent 
1696410 — 1644533 — 1590922 
and other patents pending. 


Capable of withstanding high pump pressures with- 
out the use of large valves and ports with consequent 
heatup of motor block in short periods. 


Operation from closed to fully open position 
through very short range, giving accurate throt- 
tling and making possible average running tem- 
peratures higher than in any usual type, with full 
open temperatures well below any possible boiling 
difficulties where alcohol mixtures are used. 


Large bearing trunnions of special composition 
bronze giving unlimited wear. 


One-piece valve design eliminating riveting and 
soldering. 


Housing and flange made of two-piece construction 
admitting interchangeability of flange for different 
motor blocks to permit standardization for several 
models of a manufacturer. 


Safety feature incorporated in all Bishop & Bab- 
cock Motorstats which places valve in open posi- 
tion in the event of a failure of the bellows. 


A life limit or breakdown far in excess of any re- 
quirements for automotive use through the design of 
a small bellows lift in conjunction with a large sur- 
face through the convolutions under movement. 


Your inquiries will receive our prompt attention and 
the full co-operation of our Engineering Department. 


The Bishop & Babcock Sales Co. 
CLEVELAND - OHIO - U.S.A. 


LAMBERT M. PAYNE (Representative) 
49 Selden Avenue, Detroit, Michigan 
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of the article. Reference is made to the possibility of 
French firms abandoning their efforts at individuality in 
favor of a united front, and still more tentatively the idea 
of European automotive cooperation is injected. 


MOTORCOACH 


Uniform Bus Specifications Code Undergoes Final Revision. 
Published in Automotive Industries, June 29, 1929, p. 991. 
[J-4] 

The uniform code given in full in this article is the re- 
sult of a year’s work by a committee which set out to for- 
mulate uniform motorcoach specifications in the public 


| interest, guaranteeing reasonably permanent, sanitary, safe 


and comfortable transportation. The committee is com- 
posed of representatives of the Society, the National Auto- 
mobile Chamber of Commerce, the American Electric Rail- 


| way Association, the American Automobile Association, the 


United States and Canadian Government highway depart- 
ments, public service commissions and business papers. 


In framing the code, the committee carefully analyzed 
each rule for its ultimate effect upon the public, the oper- 
ator and the manufacturer from the standpoint of inter- 
state and local service. The result was the revision of 
21 of the 31 rules originally submitted, approval of five 
as they stood and the elimination of five. 


The code is not intended to be incorporated in the regu- 
latory laws of the several States; it is proposed as a guide 
for public-utility and railroad commissioners in prescribing 
physical restrictions; and the efforts of the committee will 
be concentrated on having the code used as the basis of 
regulation in all the States of the Union and provinces 
of Canada. 
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